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STANDARD  OPERATING  PROCEDURE 
TiMimo  Jan«l  Ash  Graphito  Fumac* 

Scop*  and  AppUcoHon 

This  document  describes  methods  for  onoiyzing  sompies  on  the  Thermo  Jorreli  Ash 
Smith-Hieftje  11  orKi  Video  22E  graphite  furnaces.  Whiie  drinking  waters  may  be 
arK3iyzed  directly,  other  types  of  samples  require  some  sort  of  digestion  preporatory 
step.  Samples  are  run  fir^  on  on  artalytical  curve  using  an  instrument  spike.  Those 
samples  fafling  to  show  sufficient  spike  recovery  are  either  diluted  artd  rerun  and/or  run 
by  the  method  of  standard  additions. 

2i)  DeAnHions 

GFAAS  -  Graphite  Furnace  Atomic  Absorption  Spectrometry 

ICV  and  CCV-  initial  and  Continuing  Calibration  Verification  -  An  irxjependent  starxjord  at 
a  concerttratlon  other  than  that  used  for  ir>strument  calibration  run  to  verify  the  accuracy 
of  the  calibration. 

ICB  OTKl  CCB  -  Initial  and  Continuing  Calibration  Blank  -  A  calibration  blank  run  immediately 
after  the  ICV  c»xJ  CCV  to  verify  the  baseline  of  the  calibration. 

CRA  -  A  starxlard  mode  at  twice  the  IDL  run  to  check  the  accuracy  of  results  that  ore 
close  to  the  detection  limit. 

IDL  -  Irrstrument  Detection  Limit  -  As  defined  in  the  EPA-CLP  SOW;  three  times  the 
standard  deviation  of  seven  replicate  measurements  averaged  over  three  non- 
consecutive  days. 

MDL  -  Method  Detection  Limit  -  As  defined  in  40  CFR;  three  times  the  standard  deviation 
of  seven  replicate  measurements  of  a  low  level  standard  or  sample  that  has  gone 
through  a  preparation  step. 

MSA "  Method  of  Standard  Additions  -  To  correct  for  the  fact  that  a  sample  may  hove  a 
different  resporue  slope  than  the  calibrotion  standards,  three  additions  of  krK>wn 
amount  of  analyte  are  added  to  the  sample,  and  the  results  of  those  onalyi^s  plus  the 
urtspiked  sample  are  extrapolated  using  a  linear  least  squares  fit  to  determine  the 
sample's  concentration. 

SD  -  Standard  Deviation 

RSD  -  Relative  Standard  Deviation  -  The  SD  cMvided  by  the  mean.  mult^jHed  by  ICX). 
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RPD  -  Relative  Percent  Olfterence  -  The  absolute  difference  betvreen  two  numbers, 
divided  by  the  overage  of  the  two  numbers,  mcritipled  by  1CX). 

%R  -  Percent  Spike  recovery  •  The  difference  between  the  matrix  spike  concentration 
and  the  original  sample  corK:entration  divided  by  the  concentration  of  the  spke  added 
multiplied  by  loa 

3.0  EQuipinenI 

3.1  Instrument 

One  TJA  S/H  1 1  or  Video  22E  atomic  absorption  spectrometer  equipped  with  a  CTF  188 
graphite  furrKce.  FASTAC  deposition  system  otkI  on  autosampler. 

3.2  Gas  supply 

Argon  supply  from  Dewar  flask.  99.997%  pure  (High  purity  grade).  A  large  ixjmber  of  Ar 
tartk  backups  of  the  same  purity  ore  kept.  Com^ssed  air  from  an  air  compressor. 

3.3  Consumables 

A  large  supply  of  graphite  tubes  end  other  furrxx:e  parts  to  minknize  the  F>ossibilty  of 
downtime  due  to  lock  of  inventory. 

Lab  consumables  include  13  X  1(X)  mm  sample  tubes,  lens  paper,  cotton  swabs,  and 
kimwipes. 

3.4  Reagents 

Matrix  modifiers  -  These  are  prepared  and  stored  according  to  the  instructior>s  In  the 
modifier  preparation  section. 

Nitric  Acid  -  (HNO3)  70%.  Trace  Grade  that  has  Lot  QC  documentation  to  verify  that  it  is 
contamination  free. 

De-ionized  water  •  Water  that  is  ion  free. 

Stock  Standards  and  independent  check  standards  -  Stock  standards  and 
iTKiependent  check  starKiards  from  many  tfifferent  sources  ore  used.  A  fHe  of  thek 
certified  concerffrotions  and  other  documentation  is  kept. 

3.5  Lobwore 

Assorted  volumetric  flasks,  both  glass  and  plastic,  glass  class  A  voiumetrlc  pipettes,  ak- 
cflsplacement  pipettes  with  cRsposable  tips  covering  a  wide  volume  rar^ge.  orKj  plastic 
beakers  of  various  sizes  ore  available  for  use. 
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4.0  Docuffwnkrtion 

4.1  During  instrument  setup,  the  TJA  Instrument  setup  log  is  completed.  The  GFAA 
summery  logbook  and  TJA  sample  logbook  ore  fMed  out  during  the  run.  Any  event  or 
observation  or  action  that  is  worth  rK)ting  should  be  recorded  in  the  appropriate 
instrument  mainteixirtce  hardbound  logbook,  aryj  on  the  instrument  set-up  logbook 
page.  When  the  analytical  day  is  complete,  a  data  package  for  review  consists  of  oil 
raw  data,  and  copies  of  all  related  logbook  poges.  Ail  logbook  pages  should  have 
unused  portions  'z’-ed  out  by  the  crKslyst.  initiaHed.  oryj  dated. 

5.0  Inhouse  ModMcoMons  to  Referenced  Method 

5. 1  Method  7000A  7/92  -  7.3.5  Coils  for  serial  dilution  orxslysis  of  one  sample  per  botch  to 
check  for  matrix  interferences.  Instead  we  artolytically  spike  (equivalent  to  single 
addition  MSA)  every  sample  to  test  for  matrix  kiterferences. 

5.2  Method  7(XX)A  7/92  -  8.3  Calls  for  continuing  cafibration  verification  sample  result  to  be 
within  an  acceptance  limit  of  20%.  Instead  we  use  an  acceptance  limit  of  10%  for  the 
continuing  caiibrotion  verification  sample  result. 

5.3  Method  7000A  7/92  -  8.4  Calls  for  a  MSO  and  a  LCS  with  every  sample  botch.  Instead 
of  a  MSO  we  do  a  duplicate.  Per  client  request  we  will  do  a  MSD  instead  of  a  duplicate. 
Wo  do  not  do  a  LCS  with  every  botch.  Per  client  request  we  will  do  a  LC^  with  every 
botch. 

5.4  Method  7041  9/86  <Sb)  -  Does  not  specify  a  matrix  modifier  is  needed.  We  use  a  0.5% 
KMn04  solution  as  a  matrix  modifier. 

5.5  Method  7060A  1 1  /92  (As)  -7.1.3  Coils  for  NINO3  to  be  added  to  the  sample  as  a  matrix 
modifier.  Instead  we  use  a  Pd/Mg  solution  as  o  matrix  modifier.  7.5  Colls  for  certain 
types  of  samples  to  be  analyzed  for  by  using  the  MSA.  Instead  we  analyze  every 
sample  by  using  the  single  addition  MSA. 

5.6  Method  7421  9/86  (Pb)  -  3.3  Calls  for  H3PO4  to  be  added  to  the  sample  as  a  matrix 
modifier  if  needed.  Instead  we  use  a  Pd/Mg  solution  as  a  matrix  modifier. 

5.7  Method  7841  9/86  (Tl)  -  5.3  Calls  for  PdCl2  to  be  added  to  the  sample  gs  a  matrix 
modified.  Instead  we  use  a  Pd/Mg  solution  os  a  matrix  modifier. 

6.0  ProoeChra 

6.1  Method  Description 

A  representative  aliquot  of  sample  is  deposited  on  a  platform  in  a  graphite  tube  and 
evaporated  to  dryness.  Once  dried  the  sample  is  pretreated  in  an  ashing  step  which  is 
designed  to  minimize  the  Interference  effects  caused  by  the  sample  matrix.  The  ash 
step  is  followed  by  atomization.  Atomization  is  characterized  by  rapid  heating  of  the 
furnace  to  a  temperature  at  which  the  analyte  is  atomized  from  the  pyrolytic  graphite 
surface.  The  resulting  atomic  cloud  absorbs  the  element  specific  atomic  emission 
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produced  by  a  holow  cathode  lamp  (HCL).  Because  the  resulting  absorbance  usually 
has  a  nonspecific  component  associated  with  the  actual  analyte  absorbance,  on 
irtstrumental  background  correction  device  is  necessary  to  subtract  from  the  total 
signal  the  comportent  which  Is  nortspecific  to  the  ortolyte.  Thermo  Jarrell  Ash  Smlth- 
Hieftje  1 1  artd  Video  22  E  utilize  deuterium  background  correction  and  Smith4lieft)e 
background  correction.  A  morKX^hromator  isolates  the  anaiytic  line  emission  from  the 
hollow  cathode  lamp  and  a  photomutipHer  tube  measures  the  absorbance  by  the 
sample. 

6.2  Procedure 

FURNACE  SET-UP 

6.2. 1  Turn  on  cM  necessary  equipment  in  the  following  order:  a.)cooling  water,  b.)CTF  1 88 
(FURNACE).  c.)prlnter.  d.)auto  sampler.  e.)AA  power  (Red  button).  f.)AA  operate  knob 
(This  knob  should  be  on  'Restort/StorKi-by*  when  not  in  use) 

6.2.2  Install  the  aispropriote  hoBow  cathode  lamp  and  set  the  timer  to  begin  warm-up. 
Allow  approximately  30  mirKjtes  for  adequate  warm-up. 

6.2.3  Adjust  the  wavelength,  bandwidth,  high  voltage,  background  and  other 
specifications  to  their  proper  settings  os  foixvJ  in  the  individual  element  sheets  in  this 
document. 

6.2.4  Go  to  the  *1/0*  menu  on  the  keyboard,  input  the  correct  date  arxt  time. 

6.2.5  Exit  the  *1/0*  menu.  Go  to  *MCX)E*  on  the  keyboard.  Input  the  correct  element  to 
be  run. 


6.2.6  Exit  *MODE*.  Go  to  *RECALL*  and  input  the  correct  furnace  method  from  Its 
computer  memory.  See  the  individual  element  sheets  for  specific  information.  After 
recallir^g  the  correct  program,  print  the  program  by  pressing  the  decimal  point  button 
on  the  keypad. 

6.2.7  WNIe  the  lamp  is  warmirx)  up,  clean  the  ftjmoce. 

6.2.7. 1  Unhook  the  FASTAC.  remove  the  Jet  tip  and  set  it  aside.  Remove  the  workheod 
OTKl  place  it  In  the  bracket  on  the  left  side  of  the  tUmoce.  Remove  the  sapphire  window, 
quartz  window  caps,  electrode  irmrts.  ceramic  washer,  pressure  wo^r.'aell  body 
and  the  cuvette  from  the  workheod.  Store  cuvettes  in  ziplock  bogs  according  to  the 
element  run.  It  is  heipfui  to  keep  a  rough  frock  of  how  many  firings  each  cuvette  has 
gone  through. 

6.2.7.2  Use  cotton  swabs  dipped  in  deionized  water  to  clean  the  inside  surfrx:e  of  the 
electrodes,  cefl  door,  cel  body  fray.  IR  wirKlow  and  sapphire  window  bracket.  ABow 
ample  drying  time  before  replacing  the  parts, 

6.2.7.3  Use  cotton  swabs  dipped  in  deionized  water  to  clean  all  surfaces  of  the 
electrode  inserts,  the  ceramic  washer,  the  ^essure  washer,  and  the  cell  body.  Set 
them  aside  to  dry  until  needed. 
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6.27.4  Remove  the  quartz  lerrses  from  the  window  cops.  Use  cotton  swobs  dipped  in 
deionized  water  to  clean  both  sides  of  each  lens.  Use  lens  paper  to  dry  and  buff  the 
surfaces.  Inspect  each  lens  for  smudges  and  fibers  before  re-inserting  the  lenses  into 
the  window  caps. 

6.2. 7.5  To  minimize  dust  build-up  on  the  lenses,  re-iristoll  the  right  and  left  electrode 
inserts  and  window  cops  into  their  respective  electrodes.  Make  sure  all  surfaces  of  the 
electrodes  are  dry  before  replacement. 

6.2.7.6  Use  cotton  swabs  dipped  ki  deior^ized  water  to  clean  the  sapphire  window.  Use 
lens  paper  to  dry  aryJ  buff  the  surfaces.  Inspect  the  window  for  smudges  and  fibers. 

6.2. 7.7  Re-insert  the  sapphire  window  into  its  bracket  on  the  workheod. 


6.2. 7.8  Replace  the  cell  body  Into  the  workheod. 

6.2.7.9  lr\sert  the  (xoper  cuvette  into  the  workheod.  Some  left  electrode  irtserts  have  two 
position  options.  Make  sure  that  the  jet  tip  hole  in  the  cuvette  is  facing  you  after 
iristaBotlon.  If  not.  adjust  the  left  electrode  insert  to  the  correct  cuvette  position. 


6.2.7.10  Re-Insert  the  pressure  washer  and  the  ceramic  washer  onto  the  right  electrode 
ir^rt  orKl  close  the  workheod. 


6.2.7. 1 1  Clean  the  aerosol  jet  tip  with  a  10%  HNO3  solution.  Rinse  it  with  deionized  water. 
Dry  it  thoroughly  and  re-install  it  in  the  sample  injector.  Check  the  alignment  of  the 
aerosol  jet  tip  with  the  hole  In  the  cuvette.  If  the  alignment  is  severely  off.  refer  to 
cleaning  gui^line  number  nine  above. 


6.2.7.12  Remove  the  silicon  sample  delivery  ti43ing  from  the  F/*  ^AC  assembly.  Clean  it 
with  a  10%  HNO3  solution  and  rinse  it  with  deionized  water.  Dry  it  thoroughly  and  re-install 
it  on  the  FASTAC. 


6.2.7. 1 3  Clean  the  windows  on  both  sides  of  the  workheod  compartment  with  lens  paper. 

6.2.7. 14  Replace  the  workheod  to  the  workheod  bracket  and  secure  tightly. 

6.2.7. 15  Replace  the  FASTAC  and  attach  the  power  supply  cord  and  all  tubing*? 

6.2.7.16  Place  the  sample  probe  in  a  20%  HCL/20%  HNO3  solution.  (This  is  kept  m  the 
*Acid  Rirrse"  cup  on  the  autosampler.)  By  pusNng  the  *Neb  Air*  button  on  the  furrKice. 
flush  the  sample  tubing  and  FASTAC  assembly  for  approximately  twenty  seconds.  Let 
the  solution  sit  for  at  least  one  minute  and  then  repeat  this  step  again. 

6.2.7.17  Place  the  sample  probe  in  a  cup  of  fresh  deionized  water.  This  cup  is  also 
located  on  the  autosampler.  Neb  Air  again  for  apjproximotely  two  minutes. 
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6.2.8  Ofx;e  the  lamp  has  had  adequate  warm-up  time,  its  signal  must  be  optimized. 
With  the  wofkhead  in  place,  a  good  peak  should  lie  mid-scale  in  the  green  sector  on 
the  high  voltage  energy  meter. 

6.2.8. 1  Confirm  required  specifications  for  the  element  you  plan  to  run.  ie.  wavelength, 
barKjwidth.  high  voltage  setting.  bockgrourKi  etc. 

6.2.8.2  Peak  the  signal  to  bockgrourKi  current.  Consult  the  iiKlividual  elemertt  sheets  for 
recommended  currents.  Set  your  background  current  according  to  specifications.  8y 
odiustlng  the  signal  current,  a  bcriorKe  is  ocNeved  when  there  is  no  variation  between 
the  two  on  the  high  voltage  energy  meter. 

6.2.8.3  Peak  the  wavelength.  The  reading  on  the  wavelength  dial  for  a  particuiar 
element  may  not  agree  with  its  actual  measurement.  Watch  the  Ngh  voltage  meter  as 
you  adjust  the  wavelength  dial  for  the  optimum  energy  peak.  Lock  the  dial  upon 
optimization. 

6  2.8.4  Optimize  the  lamp  position.  Open  the  hood  and  spin  the  lamp  in  its  bracket 
the  peak  on  the  high  voltage  meter  is  reached,  if  necessary,  the  bracket  screws  con  be 
adjusted. 

6.2.8.5  Though  it  shouldn't  change  position  often,  the  workhead  is  also  adjustable. 
Periodically,  or  when  high  voltage  errergy  is  low.  with  the  workhead  in  place,  check  its 
position  by  adjusting  the  black  knobs  for  height,  tBt  and  depth. 

6.2.9  Before  attempting  calibration,  the  calibration  blank  should  be  run  to  ensure  that 
there  is  no  contamination  in  the  cuvette  and  to  set  the  baseline  This  also  provides  the 
opportunity  to  view  deposit  arxl  adjust  the  jet  tip  if  necessary. 

6.2.9. 1  Go  to  'MODE*  on  the  keyboard.  Enter  *4,  RESULTS’  and  recall  S/E  1.0  (scale 
expansion).  Enter  ’5.  STATiSTICS*.  Program  to  run  sanples  using  two  bums. 

6.2.9.2.  Place  the  probe  in  the  ’A/Z"  cup  located  on  the  autosampler.  ManuaBy  run  the 
calibration  blank  for  two  bums  to  decontaminate  the  cuvette  and  furnace  cell.  Repeat 
the  pxocess  if  a  measurable  analyte  persists. 

6.2.9.3  Enter  A/Z  on  the  keyboard  and  manually  run  the  colibrotion  blank  to  set  the 
baseline  to  zero,  if  the  baseline  is  much  above  or  below  the  baseline  on  tffe  graphics 
screen  repeat  the  procedure  to  confirm  that  the  boselne  is  properly  set. 

6.2.9.4  When  the  boseRne  is  set,  go  to  ’MODE*.  Enter  ’4.  RESULTS*  and  recaR  ’CONC.’ 
(concentration). 

6.2.9.5  To  prepare  for  calibration,  enter ’7.  AUTOSAMPLER’.  Enter ’1.  AUTOSAMPLER 
ON’. 

6.2.9.6  Enter  ’2.  CAUBRATE  WITH  AUTOSAMPLER’.  Refer  to  the  individual  element 
methods  regarding  standard  values  for  each  element. 
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6.2.97  Enter  the  necessary  standard  values  os  prompted.  First,  enter  the  Autororo  value 
followed  by  the  Autocal  value.  The  remaining  calibration  values  should  be  entered 
from  low  stondard  to  high. 

6.2.9.8  Follow  the  prompts  and  load  the  standards  in  the  positions  indicated  on  the 
screen  and  run. 

6.2.10  Prepare  standards  (except  Calibration  Blank  and  Auto-caUbrotion)  artd  scvnples 
as  follows. 

6.2. 10. 1  Pipette  the  appropriate  amount  arxj  type  of  modifier  into  1 3  x  100  mm  sample 
tube  (See  individual  element  methods). 

6.2. 10.2  Pipette  2  mL  of  sample  or  standard  into  the  tube.  It  may  be  necesscvy  to  dHute 
the  sample  due  to  high  anal^e  levels,  in  wNch  cose  be  sure  that  the  final  volume  is  2  mL. 

6.2. 10.3  For  each  sample  run  it  is  necessary  to  nn  on  ir^strument  spike  which  is  prepared 
in  the  same  manner  as  the  sample  with  the  addition  of  a  known  amount  of  the 
intermediate  standard,  (see  individual  element  methods  for  spiking  levels. 

6.2. 10.4  Begin  each  run  with  a  detection  limit  check  (CRA)  sample  and  an  indeperKlent 
QC  solution  sample.  The  analyticai  run  order  of  10  samples  would  be  os  follows:  ICV.  iCB. 
CRA.  indep  QC.  3  samples.  CCV.  CCB.  5  samples.  CCV.CCB. 

MONITORING  THE  RUN 

6.3.1  During  the  run.  the  Instrument  condition  and  sample  results  are  monitored  so 
appropriate  actions  can  be  performed.  Follow  the  instructions  below  os  appropriate 
when  encounter!  J. 

6.3. 1 . 1  Calibration:  The  calibration  curve,  run  at  the  start  of  the  arxjlytical  run  to  relate 
sample  absorbence  to  concentration,  should  show  consistent  sensitivity  from  day  to 
day.  Check  that  a  mid-level  standard,  usually  10  or  20  ppb.  has  a  similar  absorbence 
reading  to  what  is  typical  for  that  element.  If  tt)e  absorbance  is  much  lower  than 
expected,  check  the  instrument  for  uptake  problems,  graphite  condition,  optical 
alignment.  depostion.etc. 

Check  that  the  calibration  cunre  is  smooth  and  ftee  from  dips.  Check  the  apparent 
coix:entration  of  each  standard  Each  standard  should  deviate  no  more  thdn  5%  from 
thek  true  value,  except  the  lowest  starxlard.  wNch  should  deviate  no  more  than  10%. 
The  correlotlon  coefficient  (r).  should  be  greater  than  or  equal  to  0.995. 

6.3. 1.2  Al  analysis  should  fdH  wttNn  the  coflbration  cun/e  range.  If  any  aixsiysis  result, 
including  the  arKJiytical  spike,  is  greater  than  the  highest  calibration  starKtard  level, 
dlufe  the  sample  and  rerun.  Ttte  only  exception  would  is  an  cnaiytical  spike  of  a  matrbr 
spike,  because  one  is  not  required  to  be  run. 
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6.3. 1.3  Autozeroing  the  instrument.  If  during  the  run  the  calibration  blank  starts  to  drift  up 
or  down  toward  the  lOL.  it  may  be  necessary  to  reset  the  baseline.  Run  a  manual  auto 
zero  by  placing  the  probe  in  the  calibration  blank  tube  and  enter  A/Z  on  the  keyboard, 
nebulize  some  of  the  solution  to  fill  the  capillary,  then  press  run.  After  autozeroing 
manually  it  is  necessary  to  nebulize  air  to  clear  the  capillary  of  the  blank  solution.  If  the 
baseline  drift  is  greater  than  1.4  times  the  detection  limit  it  will  be  necessary  to  rerun  the 
lost  set  of  samples.  Be  sure  to  start  the  next  run  with  a  CV  and  CB. 

6.3. 1 .4  Resloping  the  instrument.  If  during  the  run  the  calibration  verification  result  starts  to 
drop  off  or  drift  upward  toward  the  10%  limit,  start  the  next  run  with  an  A/Z  and  A/C  and 
be  sure  to  begin  the  run  with  a  CV  and  CB.  If  the  CV  has  gone  out  of  control  it  will  be 
necessary  to  rerun  the  last  set  of  5  samples. 

Resloping  Involves  running  a  specified  mid-range  standard  and  adjusting  the 
callbrotlon  curve  slope  to  the  new  instrument  resportse  result  for  that  standard.  Check 
that  the  reslope  result  is  between  80%  to  120%  of  the  calibration  curve  value. 

6.3. 1.5  Fill  out  the  logbooks  as  the  run  progresses.  Check  the  ICV  and  CCV  recovery, 
independent  QC  solution  recovery,  duplicate  RPD,  matrix  spike  %R,  and  reference 
recovery  'real  time'.  Indicate  on  the  summary  logbooks  that  the  above  were  checked 
and/or  write  the  results  in  the  comments  section. 


6.3. 1.6  QC  CHECKS 
ICV&CCVs 

A  calibration  verification  standard  is  run  at  the  start  of  the  run  immediately  after 
calibration,  every  5  samples  (20  burns),  and  at  the  end  of  the  analytical  run  to  verify 
calibration  stabiii^.  The  same  solutton  is  used  for  both  the  initial  calibration  verification 
(ICV)  orxJ  the  continuing  calibration  verification  (CCV).  QC  acceptance  limits  for  the  CV 
are  90%  to  1 10%  of  the  true  value.  If  a  CV  result  is  outside  of  thu  limits,  perform  an 
autozero  and  autocal  (reslope),  and  rerun  all  samples  since  the  last  acceptable  CV. 


ICB&CCas 

A  calibration  blank  Is  run  after  every  analysis  of  a  calibration  verification  standard  to 
check  for  baseline  drift  and  sample  carry-over.  An  initial  calibration  blank  (ICB)  is  run 
immediately  after  the  ICV  and  a  continuing  calibration  blank  (CCB)  Is  run  immediately 
after  each  CCV.  The  acceptance  limits  for  the  CB  are  negative  1 IDL  to  positive  1 IDL  with 
rounding  (i.e.  if  IDL  is  1 .0  ug/L,  then  limits  would  be  - 1 .4  to  + 1 .4  ug/L).  If  a  CB  Is  outside  the 
limits,  run  an  autozero  (A/Z)  and  rerun  samples  since  the  last  acceptable  CB. 


CRA 

The  CRA  (Contract  Required  Detection  Limit  standard  for  GFAA)  prep>ared  at  2  tfrnes  the 
IDL,  is  a  QC  cheok  sample  run  after  the  ICV  and  ICB.  Although  there  are  no  acceptance 
limits  for  the  CRA,  it  should  run  within  1  IDL  of  Its  true  value.  It  should  be  run  with  an 
analytical  spike  os  an  analytical  spike  check. 
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INDEPENDENT  QC  SOLUTION  (currently  APG7878) 

The  APG  solution  Is  run  os  on  Independent  QC  sample,  a  source  separate  from  the 
calibration  stondords  and  the  CV.  usually  Immediately  after  the  CRA.  Since  no 
preparation  steps  are  required  to  run  this  solution,  other  than  routine  dilution  for  some 
elements,  this  solution  is  used  os  a  double  check  of  the  calibration  standards 
preparation. 

IVPC 

The  IVPC  (IrKXOcmlc  Ventures  Performance  Check)  solution  is  a  1/100  dilution  of  the  IVCV 
INT  (Inorganic  Ventures  Calibration  Verification  Intermediate).  It  can  be  used  to  verify 
CV  preparation  or  for  a  norvcallbrotlon  curve  MSA  QC  check. 

6.3. 1.7  PRECISION  CRITERIA 

All  GFA  orKslyses  are  double  burn/injections,  except  for  MSA  and  IDL  determinations. 
The  precision  criteria  between  the  2  bums  is  based  on  the  concentration  result.  If  the 
mean  concentration  is  less  than  or  equal  to  4  times  the  IDL.  then  the  standard  deviation 
should  be  less  than  or  equal  to  0. 7  ppb  If  the  concentration  is  greater  than  4  times  the  IDL. 
then  the  RSD  should  be  less  than  or  equal  to  20%.  If  either  limit  is  exceeded,  then  the 
sample  should  be  rerun  once.  If  the  sample  precision  is  still  bod.  a  dilution  might 
possibly  be  run  to  dilute  a  matrix  problem  if  or«  exists,  or  the  number  with  the  better  RPD 
is  reported. 

6.3. 1.8  ANALYTICAL  SPIKE 

Each  GFA  sample  is  run  with  an  analytical  spike  (sometimes  referred  to  as  on  Instrument 
spike)  to  determine  if  sample  matrix  effects  are  occurring  during  arralysis.  The 
acceptance  limits  for  the  analytical  spike  recovery  are  based  on  the  concentration 
result.  If  the  concentration  result  is  greater  than  or  equal  to  2.5  times  the  IDL.  then  the 
recovery  acceptance  limits  are  86%  to  1 15%.  If  the  concentration  is  less  than  2.5  times 
the  IDL.  then  the  analytical  spike  recovery  should  be  greater  than  or  equal  to  40%.  If 
either  Hmlt  is  not  met.  then  an  appropriate  dHution  should  be  prepared  arxj  run.  or.  if  the 
analytical  spike  recovery  is  close  to  meeting  the  acceptonce  limits,  the  sample  may 
be  rerun  once  at  the  same  dilution,  if  the  sample  result  rourtds  to  greater  than  2.5  times 
the  IDL  and  the  analytical  spike  recovery  is  not  acceptable,  a  dilution  of  the  sample  (or 
a  further  dilution)  should  be  run.  unless  the  resulting  concentration  wouid  be  less  than  5 
times  the  IDL  The  dilution  factors  we  analyze  samples  at  are  1/2. 1/5. 1/10. 1/20. 1/40. 
1/50. 1/100.  Perform  a  MSA  on  the  sample  using  three  additions  of  analyte  at  the  current 
sample  dHution  after  the  above  actions  foil  to  produce  on  occepfable  result.  ^ 

When  comparhg  dilutions  keep  in  mind  that  the  accuracy  of  the  concentration  result 
may  be  affected  by  matrix  effects/low  spike  recovery.  If  o  sample  is  run  initially  at  a 
dilirtlon  In  anticipation  of  matrix  Interference,  the  lowest  possible  dilution  with 
acceptable  Instrument  spike  recovery  shoiHd  be  attempted. 
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DILUTION  GUIDELINES  FOR  INSTRUMENT  SPIKE  RECOVERY 


CONCENTRATION 

%  RECOVERY 

DILUTION 

any 

0-39% 

1/5  or  greater 

greater  than  2.5  IDL 

4059,  >130 

1/5 

greater  than  2.5  IDL 

76-00,120-130 

1/2 

greater  than  2.5  IDL 

borderline 

acceptable 

rerun  at  same  dilution 

6.3. 1 .9  DIGESnON/BATCH  QC  SAMPLES 
METHOD  BLANK 

A  method  blank  (MB)  Is  run  with  every  client  group  of  somples  or  every  sample  digestion 
group  (SDG).  The  method  blank  corx:entration  should  be  less  than  1  IDL.  All  method 
blanks  should  hove  analytical  spike  recovery  from  85%  to  1 15%.  The  following  rerun 
guidelines  apply.  If  the  analyte  is  detected  in  the  method  blank,  then  it  should  be  rerun. 
If  the  method  blank  is  still  detectable,  check  the  digestion  log  for  other  method  blanks 
from  the  some  digestion  group  and  run  one  (or  more  if  r^cessary).  If  this  method  blank 
is  still  detectable,  then  all  the  samples  in  the  client  job  must  be  redigested  with  c  new 
method  blank  unless  all  samples  are  greater  than  10X  the  detected  method  blank 
concentration.  A  corrective  action  form  should  be  filled  out  by  the  analyst  and  the 
supervisor  should  be  informed. 

MATRIX/DIGESTION  DUPUCATE 

A  duplicate  sample  is  digested  to  test  the  reproducibility  of  the  method.  The 
acceptarx:e  limits  are  based  on  the  concentration  result.  If  both  origirKSi  and  duplicate 
sample  concentrations  are  greater  than  or  equal  to  5  times  the  IDL.  then  the  relative 
percent  difference  (RPO)  should  be  less  than  20%.  If  either  the  original  or  duplicate 
sample  concentration  is  less  than  5  times  the  IDL.  then  the  absolute  difference  between 
the  two  corKentration  results  should  be  1  IDL  or  less.  For  soil  or  tissue  samples,  the 
sample  concentrations  must  be  calculated  in  mg/kg  units.  If  a  duplicate  RPD  is  outside 
the  acceptance  limits,  then  a  corrective  action  form  should  be  filled  out  by  the  analyst 
and  the  supenrisor  should  be  Informed. 

MATRIX/DIGESTION  SPIKE 

A  matrix  spike  sample  is  spiked  before  digestion  to  detect  analyte  los^s  during 
digestion  arxj  matrix  effects  on  digestion  efficiency.  Usually  the  matrix  duplicate  and 
the  matrix  spike  are  performed  on  the  some  sample.  The  acceptance  limits  for  strike 
recovery  ore  75%  to  125%,  if  the  origirrai  sample  concentration  is  less  than  4  times  the 
spike  added.  If  the  original  sample  concentration  is  greater  than  4  times  the  spike 
added,  there  is  rx)  acceptance  criteria.  For  soil  or  tissue  samples,  the  sample 
concentrations  must  be  calculated  in  mg/kg  units,  including  the  spike  added. 
Anthnony  recoveries  on  soB  or  sludge  samples  typically  range  between  15%  and  65%. 
Except  for  Antimony,  If  the  matrix  spike  recovery  is  outside  the  acceptance  Bmits  then  a 
corrective  action  form  should  be  filled  out  by  the  anc^yst.  and  the  supervisor  should  be 
informed. 
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REFERENCE  SAMPLES 

A  reference  sample  is  a  somple  of  known  and/or  certified  analyte  concentration,  which 
is  digested  with  a  group  of  samples  to  verify  digestion  recovery  in  the  appropriate 
matrix.  Water,  soil,  and  tissue  referertces  are  used.  The  water  refererv:e  recovery 
acceptance  limits  are  80%  to  120%.  For  a  soU  reference  the  certified  ranges  ore  used  os 
recovery  limits.  For  soil  or  tissue  samples,  the  reference  concentration  must  be 
calculated  in  mg/kg  units.  If  the  recovery  Is  outside  the  acceptance  limits,  then  a 
corrective  action  form  should  be  fUted  out  by  the  analyst,  and  the  supervisor  should  be 
informed. 

6.3.1.10  GRAPHICS 

Graphics  should  be  reviewed  for  analyte  peak  appearance  time  shifts.  This  is  esF)ecially 
important  for  peak  area  integration  methods  as  the  entire  peak  must  be  in  the 
integration  wirKiow  for  the  result  to  be  valid.  The  background  signal  trace  can  be 
useful  for  predicting  the  appropriate  dilution  necessary  for  matrix  interferences,  but  a 
low  background  +  signal  trace  may  also  appear  with  low  spike  recovery.  Peak  shapes 
should  also  be  watched  for  any  anomalies. 

6.3.1.11  CARRY-OVER 

Very  high  samples  can  affect  the  samples  run  after  them.  This  effect,  called  carry-over, 
is  usually  apparent  os  a  high  bum  followed  by  successively  lower  bums.  Samples 
suspected  of  carry-over  effects  should  be  rerun.  Pipetting  carry-over  can  also  occur 
after  very  high  samples,  so  samples  suspected  of  this  should  be  reprepared  arvj  rerun. 

6.3.1.12  MSA 

The  method  of  standard  additions  (MSA)  is  a  method  of  adjusting  sample 
concentration  result  for  spike  recovery  at  three  spike  levels.  Sample  concentration  is 
extrapolated  by  linear  regression  from  the  absorbance  result  of  the  unspiked  sample 
and  the  somple  spiked  at  three  levels.  Ideatty  the  spikirtg  levels  are  50%.  100%  and  150% 
of  the  sample  concentration. 

For  the  elements  with  on  IDL  of  1  ug/L.  arKt  additions  of  5. 10. 15  ug/L.  the  MSA  calculated 
corx;entration  should  be  less  than  20  ug/L.  or  the  sample  should  be  diluted  and  run  by 
MSA  again.  For  the  elemertts  with  an  IDL  of  0.2  ug/L,  and  additions  of  0.5. 1 .0. 1 .5  ug/L.  the 
MSA  calculated  cortcentration  should  be  less  than  2.0  ug/L,  or  the  sample  should  be 
diluted  and  run  by  MSA  again. 

s. 

Linear  regression  of  the  MSA  can  be  calculated  using  HP  calculators  or  EXCEL  software, 
r  (corretotion  coefficient)  should  be  greater  than  or  equal  to  0.995.  or  the  sample  should 
be  rerun  ortce.  If  both  r  values  ore  less  than  0.995.  then  the  orKilysis  with  the  better  r  value 
is  used.  A  single  bum  is  used  for  MSA. 

6.3.1.13  ROUNDING  RULES 

The  routine  rounding  rule  is  to  round  up  if  the  digit  following  those  to  be  retained  is  5  (i.e. 
40.55  would  round  up  to  40.6). 
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6.4  SHUT  DOWN  PROCEDURES 

6.4.1  When  the  instalment  is  done  onaiyzing  samples  turn  off  all  equipment  In  the 
foltowing  order:  a.)printer.  b.)auto  sampler,  c.)AA  operate  knob  to  'Restart/StancH>y.* 
d.)AA  px>wer  (Red  button).  e.)CTF  188  (FURNACE).  f.)cooinQ  water. 


Refer  to  procedures  section  for  review  during  the  ain  ir^ax:tions. 

•JOQucMyConIral 

Refer  to  procedures  section  for  QC  acceptance  criteria. 

9.0  CofiecHve  AcHont 

9.1  Colbiation 

If  the  CQltxation  does  not  meet  the  criteria  in  section  6.3. 1.1,  then  coaecth/e  action 
should  be  taken  before  proceedlr>g  with  recalbrotion.  unless  the  grophite  cuvette  Is 
new  OTKl  may  hove  needed  some  corxjitioning.  if  the  cuvette  is  new,  then  recatt:>ration 
con  be  attempted  without  taking  corrective  action  first. 

9.2  QC  checks 

If  a  QC  check  is  out  of  control,  then  coaective  action  should  be  taken  before 
proceeding  with  analysis.  This  could  involve  repreparing  the  solution,  rerunning  the 
solution,  checking  iristrunent  corKlitions.  etc. 

9.3  Instrument  malfunctions 

Consult  other  experienced  Vorian  30QZ  operators  or  the  supervisor  for  guidar)ce.  The 
mainterKnce  logbook  and  the  service  manual  could  be  helF^  for  troubleshooting. 

10.0  Mitcelaneous  Notes  and  Precautions 

10.1  The  analyst  should  be  aware  of  the  sensitivity  differences  of  the  various  GFAAS 
elements  as  they  typically  njn  on  the  instrument.  If  caHbration  absorbarx:es  start  at  the 
lower  end  of  acc^abilfy,  then  the  percentage  of  reslope  absorbance  acceptabWty 
shoiAj  be  adjusted.  Also  a  lower  reslope  value  also  affecb  the  precision  criteria  on  low 
level  samples. 

10.2  GFAAS  k>w  detection  limits  require  that  corrtarniriation  poterrtiat  be  rninimized.  The 
samples  preparation  area  should  be  k^  clean  and  the  autosampler  should  be  wiped 
down  regularly.  Standards  should  be  segregated  at  oM  times  from  samples,  blank.  cvkI 
modifier.  Re*use  of  pipet  tips  and  beakers  should  be  clearly  identified  and  segregated. 
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STAMPARM  PtttABATIQN 

Weekly: 

Seven  Element  Intermediate  StarKtard:  To  a  100  mL  volumetric  flask  containing 
approximately  80  mL  de-ionized  water,  odd  2  ml  Fisher  Trace  Metal  Grade  HNO3. 1.0  mL 
GFA  caHbrotlon  stock  arxl  0.200  mL  1000  mg/L  Sb  stock.  Dilute  to  volume  with  de-^ized 
water. 

Calbrotion  Standards:  All  calibration  stcvxjards  ore  mode  up  in  100  ml  volumetric  flasks 
with  0.5%  HNO3  (odd  0.5  ml  Fisher  Trace  Metal  Grade  HNO3  the  volumetric  flask 
containing  about  80  mi  de-iortized  water  then  dVute  to  volume  with  de-ionized  water 
after  intermedkzte  standard  has  been  added).  Numbers  in  parentheses  refer  to  Ag  and 
Cd  concontroMons. 

75  (7.5)  mg/L:  Add  3.75  mL  intermediate  std.  Used  for  Pb  (Vartan  orta  TJA). 

50  (5.0)  mg/L  Add  2.50  mL  intermediate  std.  Used  for  all  elements  arta  instruments.  For 
TJA  Pb  analysis,  this  is  used  for  the  Autocoi  solution  and  the  flask  should  have  1.0  mL 
modifier  added  to  it  after  dilution. 

20  (2.0)mg/L:  Add  1  .(X)  mL  intermediate  std.  Used  for  ail  TJA  elements.  For  TJA  Tl  orta  Sb 
this  starKtard  level  is  used  for  the  Autocoi  solution  and  should  have  the  appropriate  level 
of  modifier  add  after  dilution. 

10(1.0)mg/L  Add  0.50  mL  intermediate  std.  Used  for  al  TJA  elements. 

3.0  (0.3)  mg/L  Add0.150mLintermecHatestd.  Used  for  TJA  Pb. 

CRA:  These  soKitiorts  ore  made  in  the  same  monner  and  the  calibration  standards. 

2.0  mg/L  Add  0.1(X)  ml  intermediate  sfd.  Used  for  As.  Pb.  Sb.  Se  and  71. 

0.4  mg/L  Add  0.200  ml  intermediate  std.  Used  for  Cd  and  Ag. 

IDL  Standards:  These  standards  are  made  in  the  same  manner  as  the  calibration 
standards. 

For  As.  Pb.  Sb.  Se  and  Ti  use  the  3  mg/L  stortaard. 

For  Cd  arta  Ag  use  a  0.6  mg/L  standard  mode  by  using  0.300  mi  intermediate  std. 


CdHbrotion  Verification  Starxtards  (CV):  These  standards  are  mode  in  the  some  nrxsrvter 
os  the  calibration  standards,  in  0.5%  HNO3  and  using  the  Calibration  Verification 
intermec^e  solution. 

Ag:  Add  1.00  mi  CV  infermedtate  std.  3  mg/L 
Cd:  Add  1 .25  ml  CV  Intermediate  std.  2.5  mg/L 
Pb:  Add  1.60  ml  CV  intermediate  std.  40  mg/L 
As.  Se.  Sb  and  Tl:  Add  0.5  ml  irttermediate  std.  25  mg/L 
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Pd/Ma  modiflar:  For  T1  and  Pb.  For  a  firKil  cor^centrotion  of  500  mg/L  Pd  and  1000  mgA> 
Mg:  Mix  equal  amounts  Environmental  Express  1%  Pd  concentrate  and  20XXX)  mg/L 
solution,  diute  to  volume. 

20JOOO  mg/L  Mg  solution;  To  a  200  mL  volumetric  flask  with  abojt  100  mL  de-ionized  water 
in  it.  odd  42  g  Ultra  Pure  ALFA  Mg(N03)2;6H20.  Diute  to  volume  with  de-ionized  water. 

kMnOj^  modifier:  For  Sb.  Add  0.5g  KMn04  to  a  volumetric  flask  containing  50  mi  de¬ 
ionized  water.  dHute  to  volume. 

rd-frftA  n  For  Cd.  In  a  100  mi  volumetric  flask  .  dilute  4  ml  stock 

Cadmium  free  (NH4)2HP04  to  volume  wtth  de-ionized  water. 

Stock  Cd-free  Dissolve  32  g  (NH4)2HP04  In  de-ionized  water,  bring  to 

volume  in  a  200  ml  volumetric  flask.  Add  10  drops  saturated  APOC  solution  and  extract 
three  times  with  20  ml  MIBK  (methyl  isobutyl  ketone). 

Saturated  APOC  solution:  Dissolve  about  2  g  Ammonium  Pyrrldlne  DithlorKite  in 
approximately  30  ml  deionized  water  to  moke  a  saturated  solution.  Refrigerate. 
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RESOURCES 

INCORPORATED 


ANTIMONY  METHOD 

INSTRUMENT  PARAMETERS 

Background  Method 

Smith  Hieftje 

Holk>v«/  Cathode  Lamp  Current 

Match  backgrouryj  sigrK3l 

-3.0mA 

Bacl^jround  Lamp  Current 

ZOmA 

Sit  Width 

0.3nm 

Wavelength 

217.6  nm 

High  Voltage 

-800V 

Cuvette  Type 

Uncooted 

FURNACE  PARAMETERS 

Step  Dry 

Pyrolysis  1  Pyrolysis  2 

Atomize 

Dean 

Temp  ISO 

580  700 

2000 

2500 

Ramp  (Sec)  2 

10  5 

0 

% 

Hold  (Sec)  0 

0  10 

3 

2 

w 

Purge  1 

2  2 

0 

3 

INTEGRATE 

Peak  Height 

2.5  Sec  IntegrotionDelay 

0.5  Sec 

FASTAC  Delay  10.0  Sec 

Deposit  12.0  Sec 

STANDARDS 

Standard  Z 

ao 

Standard  C 

2ao 

Standard  1 

100 

Standard  2 

500 

ConcerTtrotion  Units 

mg/L 

Resiope  Standard 

C 

» 
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SAMPLE  PARAMETERS 
Volumes 

Sample  Preparation  2  mL  sample  +  0.020  ml  0.5%  KMn04 
Analytical  Spike  2  ml  sample  +  0.020  rrd  0.5%  KMn04  + 

0.020  ml  GFA  Irrtermediate  Solution 


QCPROTCX:OiS 

QCStarxJord  Concentration  25  mg/L 

Required  Detection  Limits  1.0  mg/L 

Analytical  Spike  Concentration  20  mg/L 


N 
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CADMIUM  METHOD 

INSTRUMENT  PARAMETERS 


Bcx^kground  Methcxj 
HoNow  Cothcxle  Lamp  Current 
-3.0mA 

Background  Lamp  Current 
Sit  Width 
Wavelength 
High  Voltage 
Cuvette  Type 

FURNACE  PARAMETERS 


Smith  Hieftje 

Match  background  sigrK3l 

0.7  mA 
1.0tvn 
228.8  nm 
-530V 
Ur>coated 


Step 

Dry 

Pyrolysis  1  Pyrolysis  2  Atomize 

C^leon 

Temp«C 

150 

400 

600  2000 

2500 

Ramp  (Sec) 

2 

K) 

10  0 

Hoid  (Sec) 

0 

5 

5  2 

2 

Purge 

1 

2 

2  0 

3 

INTEGRATE 

Peak  Area 

2.0Seclr^egration 

Deicy 

0.3  Sec 

FASTAC  Delay 

10.0  Sec 

Deposit  5.0  Sec 

STANDARDS 


Standard  Z 

00 

Standard  C 

200 

StoTKiard  1 

1.00 

Standard  2 

&00 

Concerttrotlon  Units 

mg/L 

Reslope  Standard 

C 

s. 
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SAMPLE  PARAMETERS 
Volumes 

Sample  Preparation  2  ml  sample  +  0.025  ml  0,64%  Cd-free  (NH4)2HP04 
Analytical  Spike  2  ml  sample  +  0.026  ml  0.64%  Cd-free 

(|vW4)2HP04  +  0.020  ml  GFA  Irttermediote  Solution 

QCPRQTCX:OLS 

QC  StOTKkard  Concentration  2.5mg/L 

Required  Detection  Limits  0.2  mg/L 

Analytical  Spike  Concentration  1 .0  mg/L 
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LEAD  METHOD 


INSTRUMENT  PARAMETERS 

Background  Method 
HoRow  Cathode  Lamp  Current 
-2.5mA 

Background  Lamp  Current 
SHt  Width 
Wavelength 
High  Voltage 
Cuvette  Type 

FURNACE  PARAMETERS 


step 

Dry 

Pyrolysis  1 

Pyrolysis  2 

Atomize 

Cleon 

Temp  ooC 

150 

600 

200 

2000 

2500 

Ramp  (Sec) 

2 

15 

K) 

1 

_ 

Hold  (Sec) 

0 

5 

5 

3 

3 

• 

Purge 

1 

2 

2 

INTEGRATE 

0 

3 

Smith  Hleftje 

Match  background  signal 

1.5  mA 
0.5nm 
283.3  nm 
-700  V 
Uncooted 


Peak  Area 
Delay 

FASTAC  Delay  12.0  Sec 


2.4  Sec  Integration 
1.6  Sec 

Deposit  7.0  Sec 


STANDARDS 


Standard  Z 

0.0 

Standard  C 

500 

Standard  1 

3.00 

Standcvd  2 

lOO 

Standard  3 

200 

Standard  4 

75.0 

Concentration  Units 

mg/L 

Reslop>e  Standard 

C 
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SAMPLE  PARAMETERS 
Volumes 

Sample  Preparation  2  ml  sample  +  0.020  ml  Pd/Mg  solution 
Analytical  Spike  2  ml  sample  +  0.020  ml  Pd/Mg  solution  + 
0.020  ml  GFA  Intermediate  Solution 

QCPROTOCQt^ 

QC  Standard  Concentration  40.0mg/L 

Rec^ilred  Detection  Limits  1 .0  mg/L 

Analytical  Spke  Concentration  20.0  mg/L 
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THALUUM  METHOD 


INSTRUMENT  PARAMETERS 

Bockgrcxjnd  Method 
Holow  Cathode  Lamp  Current 
-4.0mA 

BockgrourKl  Lamp  Current 
Sit  Width 
Wavelength 
High  Voltage 
Cuvette  Type 

FURNACE  PARAMETERS 


Smith  Hieftje 

Match  background  sigixil 

2.0  mA 
l.Onm 
276.6  nm 
-620V 
Uncooted 


Step 

Dry 

Pyrolysis  1 

Pyrolysis  2 

Atomize 

Cleon 

Temp  ooC 

150 

2S0 

400 

2000 

2500 

Ramp  (Sec) 

2 

X) 

X) 

0 

Hold  (Sec) 

0 

5 

5 

2 

2 

Purge 

1 

2 

2 

INTEGRATE 

0 

3 

Peak  Height 
Delay 

FASTAC  Delay 


12.0  Sec 


1.8  Sec  Integration 
0.5  Sec 

Deposit  12.0  Sec 


STANDARDS 


StoTKiard  Z  OiO 

Standard  C  20.0 

Standard  1  lOiO 

Standard  2  50i0 

Concentration  Urrits  mg/L 

Reslope  Stoncksrd  C 
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SAMPLE  PARAMETERS 

aBB:BaaaBBBBa0SBBasaB9sss8=s:^^=SK: 

Volumes 

Sample  Preporotion  2  ml  sample  0.020  ml  Pd/Mg  solution 
Anolyttoal  Spike  2  ml  scmple  +  0.020  mi  Pd/Mg  solution 

0.020  ml  GFA  Intermediate  Solution 

QC  PROTOCOLS 

QC  Storxjord  Concentration  25.0mg/L 

Required  Detection  Limits  1.0  mg/L 

Analytical  Sr^Sce  Corx:entratlon  20.0  mg/L 
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STANDARD  PROCEDURE 

300Z  GRAPHITE  FURNACE  ANALYSIS 

Scop*  and  AppliccMon 

This  dcxument  describes  methods  for  onolyzirHl  somples  on  the  Vorion  300  graphite 
furnace.  While  drinking  waters  may  be  analyzed  directly,  other  types  of  samples 
require  some  sort  of  digestion  preparatory  step.  Samples  are  run  first  on  on  arraiytical 
curve  usir^  on  instrument  spike.  Those  samples  foling  to  show  sufficient  analytical  spice 
recovery  are  either  diluted  orKj  rerun  and/ot  run  by  the  method  of  standard  odditkxis. 


GFAAS  -  Graphite  Fumoce  Atcxnic  Absorption  Spectrometry 

ICV  and  CCV-  Initkal  and  Continulr>g  CaKyctton  VertflcotkDn  -  An  indeper>dent  standcvd  at 
a  ccxK»ntration  other  th<»i  that  used  for  Instrument  coKxcatlon  run  to  verify  the  caccurcx^y 
of  the  caHbrcftion. 


ICB  OTKl  CCB  -  initial  and  Continuing  CaBbroHon  Blank  -  A  calibration  blank  ajn  immedtately 
after  the  ICV  cvkI  CCV  to  verify  the  bcsselir^  of  the  calibration. 


CRA  -  A  standard  mode  cat  twice  the  IDL  run  to  check  the  acccvacy  of  results  that  ore 
close  to  the  detection  limit. 


IDL  -  Irwtrument  Detection  Limit  -  As  defined  in  the  EPA-CLP  SOW;  three  times  the 
standard  deviation  of  seven  replicate  measurements  caveraged  over  three  non- 
consecutive  dcrys. 


MDL  -  Method  Detection  Limit  -  As  defined  In  40  CFR;  three  times  the  standard  deviation 
of  seven  replicate  meosurements  of  a  low  level  standard  or  sample  that  has  gone 
through  a  preparcatkan  step. 


MSA  -  Method  of  Standard  AddWons  -  To  correct  ftx  the  fact  that  a  sample  riKay  have  a 
different  response  slope  than  the  calibration  standards,  three  additions  of  krxawn 
amount  of  anoiyte  are  added  to  the  sample,  and  the  results  of  those  analyses  plus  the 
unspiked  sample  are  extrapolated  usirag  a  linear  least  squares  fit  to  determine  the 
sample's  concentration. 


SD  *  StorKkard  Deviation 


RSD  -  Relative  Stcanckard  Devkation  -  The  SD  divided  by  the  meon.  multiplied  by  100. 


RPD  -  Relative  Percent  Difference  -  The  cabscalute  difference  between  two  numbers, 
divided  by  the  average  of  the  two  numbers,  muitipled  by  100. 
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%R  *  Percent  Spike  recovery  -  The  differertce  between  the  matrix  spike  concentration 
and  the  originai  sampie  concentration  divided  by  the  concentration  at  the  spice  added 
mumpledby  loa 


3.0Equlpmenl 

3.1  Instrument 

One  Varian  30QZ  graphite  tunxKe  equipped  with  a  dkect  deposit  autosampler.  MS-OOS 
based  computer  data  system,  supertomp  power  supply  system,  and  featuring  the 
Zeeman  background  correction  technique. 

3.2  Gas  supply 

Argon  supply  from  Oewor  flask.  99.997%  pure  (High  purity  grade).  A  large  number  of  Ar 
tank  backups  of  the  some  purity  ore  kept.  Also,  as  required  per  element,  a  95%  Ar/5% 
H2  mix  gas  from  a  compressed  gas  tank. 

3.3  Consumables 

A  large  supply  of  graphite  tubes,  platforms.  ofKi  other  furrxx:e  parts  to  mir^ize  the 
possftsilty  of  downtime  due  to  lock  of  Inverttory. 

Lab  corrsumabies  kKlude  sample  cups.  13  X  100  mm  sample  tubes,  lens  paper,  cotton 
swabs,  kkn-y/ipes.  plastic  syringes  ar>d  syrirrge  flters. 

3.4  Reagents 

Matrix  modifiers  -  These  ore  prepared  arKi  stored  accordng  to  the  section  below. 

Nitric  Acid  -  (HNO3)  70%.  Trace  Grade  that  has  Lot  QC  documentation  to  verify  that  It  is 
contamiTKition  free. 

De-ionized  water  -  Water  that  is  ion  free. 

Stock  Standards  and  independent  check  standards  •  Stock  standards  and 
irxjeperKlent  check  standards  from  many  (Cerent  sources  are  used.  A  file  of  their 
certffled  concentrations  and  other  documentation  is  kept. 

3.5  Lobwore  ^ 

Assorted  volumetric  flasks,  both  glass  and  plastic,  glass  class  A  volumetric  pipettes,  ok- 
dispiacement  pipettes  with  dispOKibie  tips  covering  a  wide  volume  range.  otkI  plastic 
becrtcers  of  various  sizes  are  avaHable  for  use. 


4.1  During  instrumerrt  seti43.  the  VARIAN  instrument  setup  log  is  completed.  During  the 
irrstrument  set-up.  the  cupboard  for  recorcfing  the  PMT  voltages  is  fWed  out.  The  GFAA 
summary  logbook  is  fWed  out  during  the  run.  Any  event  or  observation  or  action  that  is 
worth  noting  should  be  recorded  in  the  appropriate  instrument  mainterKince  hordbourKl 
logbook,  and  on  the  irrstrument  set-up  logbook  page.  When  the  arxsiytical  day  is 
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complete,  a  data  package  for  review  corvists  ot  al  raw  data,  and  copies  of  al  rioted 
logbook  pages.  Aii  logbook  pages  shouid  hove  unused  portions  ‘z'-ed  out  by  the 
anaiyst.  inltioiled,  and  doted.  A  diskette  containing  the  fiie  ZDATA.TXT  shoUd  be 
Inciuded  for  use  in  the  data  loading  process. 

5.0  In-house  ModNIcoNons  to  Referenced  Method 

5. 1  Method  7000A  7/92  -  7.3.5  Colls  for  serial  dilution  analysis  of  one  scvnple  per  batch  to 
check  for  matrix  interferences,  instead  we  analytically  spike  (equivalent  to  single 
addition  MSA)  every  sample  to  test  for  rrxttrbc  irtterferences. 

5.2  Method  7000A  7/92  -  8.3  Coils  for  corttindng  calibration  verification  sample  result  to  be 
within  an  acceptance  Hmit  of  20%.  Instead  we  use  an  acceptance  limit  of  10%  for  the 
continuing  calibration  verification  sample  result. 

5.3  Method  7000A  7/92  -  8.4  Cols  for  a  MSO  and  a  LCS  with  every  sample  batch.  Instead 
of  a  MSO  we  do  a  duplicate.  Per  clent  request  we  wW  do  a  MSO  instead  of  a  ckjplicate. 
We  do  not  do  a  LCS  with  every  batch.  Per  client  request  we  will  do  a  LCS  with  every 
botch. 

5.4  Method  7041  9/86  (Sb)  -  Ooes  not  specify  a  nrKitrix  modifier  is  needed.  We  use  a 
Pd/Mg/CItric  Acid  solution  as  a  motrix  modifier, 

5.5  Method  7060A 1 1  /92  (As)  -7.1.3  Ccis  for  NiNOs  to  be  added  to  the  sample  as  a  matrix 
modWIer.  Instead  we  use  a  Pd/Mg/CItric  Acid  solution  os  a  matrix  modifier.  7.5  Calls  for 
certain  types  of  samples  to  be  analyzed  for  by  using  the  MSA.  Instead  we  ornslyze 
every  sample  by  using  the  single  addition  MSA. 

5.6  Method  7421  9/86  (Pb)  -  3.3  Cals  for  H3PO4  to  be  added  to  the  samp^  as  a  matrix 
mocRfier  If  needed.  Instead  we  use  a  Pd/Mg/Citric  Acid  solution  as  a  matrix  modifier. 

5.7  Method  7740  9/86  (Se)  -  7.1.3  Calls  for  N1N03  to  be  added  to  the  sample  os  a  matrix 
modifier.  Instead  we  use  a  Pd/Mg/CItric  Acid  solution  as  a  matrix  modifier.  8.2  Cons  for 
recalbrating  every  hour.  Instead  we  calibrate  daily  and  also  if  continuing  calibration 
sample  results  Indicate  recollbration  is  needed. 

5.8  Method  7761 9/86  (Ag)  -  Does  not  specify  a  matrix  rTrodifier  be  added  to  tte  samples. 
We  use  a  1%  NH4H2PO4  solution  as  a  matrix  modifier.  7.2  &  7.3  Calls  for  a  separate 
sample  preparation  digestion  procedure  for  Ag  furiKrce  analysis,  instead  we  use 
Method  30^  (ARi  prepcode  TVifiNO  for  Ag  analysis  or  we  analyze  the  preserved  sample 
without  digestion  if  it  meets  the  criteria  for  not  requiring  digestion.  7.9  Colls  for  certain 
types  of  samples  to  be  analyzed  for  by  using  the  MSA.  instead  we  arxilyze  every 
sample  by  using  the  single  addfiion  MSA. 

5.9  Method  7841  9/86  OD  -  5.3  Calls  for  PdCl2  to  be  added  to  the  sample  as  a  matrix 
modfled.  Instead  we  use  a  Pd/Mg/Citric  Acid  solution  as  a  matrix  modifier. 

6i)  Rrocedura 
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6. 1  Method  Description 

A  representative  aliquot  of  sample  is  deposited  on  a  (Platform  in  a  graphite  tube  and 
evaporated  to  dryness.  OrK:e  dried  the  sample  Is  pretreated  in  an  oshir^  step  wNch  is 
designed  to  minimize  the  interference  effects  caused  by  the  sampie  matrix.  The  ash 
step  is  followed  by  atomization.  Atomization  is  characterized  by  rapid  heating  of  the 
furnace  to  a  temperature  at  which  the  anctiyte  Is  atomized  from  the  pyrolytic  graphite 
surface.  The  resulting  atomic  cloud  absorbs  the  element  specific  atomic  emission 
produced  by  a  hollow  cathode  lamp  (HCL)  or  a  boosted  intensity  Super  Lamp. 
Because  the  resulting  absorbance  usually  has  a  nonspecific  component  associated 
with  the  actual  analyte  absorbance,  an  instrumental  background  correction  device  is 
necessary  to  subtract  from  the  total  signal  the  component  which  is  nonspecific  to  the 
analyte.  The  Varian  SpectrAA  300Z  utilizes  Zeeman  background  correction.  A 
mor>ochromator  isolates  the  analytic  llr»e  emission  from  the  hollow  cathode  lamp  and  a 
photomutiplier  tube  measures  the  absorbance  by  the  sample. 

6.2  Procedure 
FURNACE  SET-UP 

6.2. 1  Turn  on  the  cooling  water,  and  the  alternate  gas  cylinder,  if  required. 

6.2.2  Make  sure  the  Super  Lamp  power  supply  is  turned  off  and  the  boost  current  knob  is 
turned  fully  counterclockwise.  Turn  unit  on  in  the  following  order:  a.)  spectrometer,  b.) 
GTA.  c.)  power  strip,  which  turrw  on  the  printer,  screen,  and  computer.  The  Super  Lamp 
power  supply  Is  also  plugged  into  a  timer  on  this  power  strip;  bypass  the  timer  using  the 
switch  on  the  timer. 

6.2.3  Place  the  appropriate  hollow  cathode  lamp  in  the  lamp  turret.  Use  position  1  for 
Super  Lamps  (As.  Sb.  Tl  and  Se).  and  position  2  for  normal  Hollow  Cathode  Lamps. 

6.2.4  Place  a  floppy  disc  labeled  with  the  day  of  the  week  corresponding  to  the  day  of 
the  Istt  arxjlytical  run  in  the  appropriate  disk  drive  of  the  computer.  At  the  DOS  prompt 
type  COPY  ZDATA.TXT  A:  to  copy  the  data  from  the  last  analytical  run  to  disc.  When 
the  data  has  been  copied,  remove  the  disc  from  the  drive  and  at  the  DOS  prompt,  type 
DEL  ZDATA.TXT. 

6.2.5  At  the  DOS  prompt,  enter  SGLRUNZ.  When  the  Varian  software  is  loaded  press  FIO 
to  access  the  index.  Go  to  page  10  (Sequertce  selection)  and  press  FI  trsciear  the 
sequence.  Enter  the  required  program  number  to  turn  on  the  lamp  to  start  it  warmhig  up. 
The  program  numbers  are  in  appendix  12.1.  The  instrument  and  element  specific 
corxJitions  are  found  in  the  Methods  part  of  this  document.  Press  FIO  to  access  the 
index  and  select  page  6  (Optimization}.  AHow  the  lamp  the  warm  up  for  10  to  15  mirxjtes. 

6.2.6  While  the  lamp  is  warming  up.  clean  the  furnace; 

6.2.6. 1  Remove  the  autosampler  and  place  It  on  the  outosampler  rock.  Tip  the  furnace 
forward  and  remove  the  wlrxiow  caps.  Open  the  furnace  by  turning  the  toggle  lever  on 
top  of  the  furnace  clockwise  and  remove  the  cuvette.  Remove  the  stainless  steel 
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Chimney  Insert  from  the  top  of  the  fumoce.  Open  the  left  side  of  furrvace  by  Itftirxj  the 
catch  on  the  top  left  side  of  the  unit. 

6.2.6.2  Use  cotton  swobs  d^sp^  In  deionized  water  to  clean  the  inside  arKl  top  of  the 
furrysce.  irK;ludlng  all  graphite  surfaces,  the  Inside  of  the  electrode  assemblies,  and  the 
chimney.  Leave  open  to  dry. 

6.2.6.3  Inspect  each  lens  for  smudges  and  fibers.  If  necessory.  remove  the  quartz 
lenses  from  the  window  caps.  Use  a  cotton  swob  dipped  in  deionized  water  to  dean 
both  surfaces  of  each  leru.  Use  lens  pd^r  to  dry  and  buff  the  surfoces.  Replace  the 
lenses  in  the  lens  cops. 

6.2.6.4  Replace  the  chimney  and  close  the  electrode  assemblies.  Replace  the  lens 
caps  in  furrxKe.  making  sure  to  align  the  grooves  in  the  washer  of  the  right  lens  cop 
horizontally  for  visual  reference  later  when  determinir^g  the  horizontal  alignment  d  the 
platform  with  the  mirror. 

6.2.7  Optimization:  The  lomp  should  be  warmed  up  for  at  least  15  minutes  before 
optimization.  If  using  a  Super  Lamp,  turn  the  Super  Lamp  px>wer  supply  on  at  this  time 
and  after  about  5  secorKis  turn  up  to  the  usual  operotir^  boost  current  for  that  lamp. 
Allow  the  Super  Lamp  another  15  minutes  worm  up  time  with  the  boost  current  on. 

6.2.7. 1  On  the  lamp  turret,  with  the  lamp  in  position,  turn  the  horizontal  acQustment  screw 
(top  knob)  fully  clockwise.  Turn  the  horizontal  adjustment  screw  counterclockwise 
slowly  until  the  signal  bar  on  the  computer  screen  peaks,  if  the  adjustment  screw  is 
turned  counterclockwise  post  the  first  peak  a  secorKt  peak  wiH  appear--do  not  align  on 
the  second  peak.  As  the  signal  bar  reaches  maximum  press  PI  to  rescale  the  signal 
bar.  It  may  be  necessary  to  press  FI  several  times  during  the  optimization  process. 

6.2. 7.2  Peak  the  signal  bar  with  the  vertical  adjustment  screw  (bottom  knob). 

6.2.7.3  After  optimizing,  press  FI  and  record  the  fhol  PMT  voltage  on  the  clipboard  the 
'PMT  voltage  without  furnace'  column. 

6.2.7.4  Replace  the  furnace  and  kwert  a  cuvette.  For  long  runs,  use  a  new  cuvette.  Also, 
selenium  and  thallium  runs  usually  require  a  new  cuvette.  For  shorter  runs  a  used 
cuvette  may  be  used,  if  using  a  pioteau  tube  with  a  platform  moke  sure  that  the 
platform  is  horizontcri  (check  with  the  mirror).  Use  the  krxjb  at  the  bottom  of  the  furrKce 
to  adjust  the  height  of  the  furrKice  until  the  signal  bar  peaks.  If  the  signol  bor  peak  is 
passed,  bock  the  krx>b  off  and  return  to  the  signal  bar  peak  from  the  same  direction  os 
before.  Press  FI  and  record  the  AtkiI  PMT  reading  in  the  'PMT  voltage  with  furnace' 
column.  The  two  PMT  readings  should  be  within  30  mA  of  each  other.  If  the  differerxre 
between  the  two  PMT  voltage  readings  is  greater  than  30  mA.  check  the  quartz  lenses 
for  smudges,  recheck  the  oRgnment  of  the  cuvette,  and  the  furryace  height. 

6.2.8  Replace  the  autosampler,  making  sure  the  white  adjustment  knob  is  properly 
seated  on  the  right  side  of  the  furrxjce  compartment.  F»  the  rinse  bottle  on  the  bottom 
of  the  unit  with  acidified  deionized  water.  On  the  computer,  go  to  Fxage  8  (Sampler). 
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6.2.9  If  a  silver  run  is  planned,  the  dedicated  silver  capillary  should  be  installed.  Remove 
the  copUlarY  in  use  by  loosening  the  capillary  sleeve  from  its  holder,  remove  the  sleeve, 
arxj  unscrew  the  other  end  of  the  capillary  from  the  syringe.  Pull  out  the  copHlory  from 
the  syringe  fittir^  end.  To  install  the  silver  capHlory.  thread  the  tubing  enu  throu^  the 
block  sleeve  ir^side  the  autosampler  (behir>d  the  syringe  holder).  Attach  the  capillary 
sleeve  to  the  depostion  end  and  replace  It  in  the  holder. 

6.2. 10  Remove  the  bubbles  from  the  syringe  by  pressing  F3  (wait  until  the  rirtsirtg  a<'tion 
starts),  remove  the  plunger  from  the  syringe.  Hold  a  folded  paper  towel  to  catch  rhe 
rinse  water.  Press  F3  several  times  until  oil  bubbles  ore  purged  from  the  syringe. 
Replace  the  plunger  and  draw  it  bock  and  forth  a  couple  of  times  to  draw  any  bubbles 
remaining  in  the  capillary.  Replace  the  plunger  while  ritise  water  is  still  flowing  from  the 
syringe  to  keep  new  bubbles  from  enterir^g  the  syringe,  if  the  plunger  fit  feels  loose, 
gently  press  the  end  on  a  clean,  fiat  surface  to  flare  the  Teflon  before  replacing  the 
plunger.  Carefully  replace  the  syringe  into  the  syringe  compartment.  Press  F3  a  couple 
more  times  to  clear  any  bubbles  in  the  sample  delivery  capillary.  At  this  time  check  the 
rinse  flow  by  lifting  the  capiliory  arm  arxt  ob^rvir^g  the  rinse  flow.  If  it  seems  slow,  tighten 
the  rinse  bottle. 

6.2.1 1  To  align  the  probe,  press  F2  once  to  place  the  probe  in  an  empty  sample  cup. 
The  capiHary  should  be  about  5  mm  from  the  bottom  of  the  cup.  Press  F2  again  to  move 
the  probe  to  the  cuvette.  Stop  the  capillary  from  lowering  into  the  cuvette  with  your 
hand.  Gently  lower  it  to  be  sure  it  goes  into  the  hole  on  the  cuvette.  Center  it  using  the 
adjustment  knobs  on  the  side  arxj  front  of  the  sampler.  Adjust  the  depth  of  the  probe 
using  the  height  adjusting  screw  on  the  sampler  arm.  Go  through  the  sampler  alignment 
process  again  to  make  sure  the  capillary  alignment  is  correct. 

6.2. 12  Goto  poge  1 1  (Sequerx:e  ControO  arxj  set  the  arxslytical  run  sequence.  Enter  two 
tube  cleans,  the  starting  arxj  ending  sample  numbers  and  start  the  run  with  a  calibration. 

6.2. 1 3  Go  to  Error  Protocol  (F6).  If  the  graphite  furrxjce  is  to  be  left  urxattended  operotirrg 
overnight,  verify  that  Exit  to  DOS  is  set  at  YES. 

6.2. 14  Go  to  QC  Protocols  (F5).  Verify  that  QC  Protocol  is  set  to  ON  and  that  all  options 
and  limits  are  correct  (see  below).  The  error  protocol  should  be  set  at  reslope  and 
REPEAT.  For  all  analyses  the  QC  Spike  limits  should  be  set  at  85  •  115%.  the  Recovery 
Minimum  Limit  should  be  set  at  40%.  the  RepMcote  RSD  Limit  should  be  set  at  100%  arxj 
Correlation  Coefficient  at  0.995. 
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6.2. 15  From  tfie  index,  go  to  page  13  (Report  Format).  Enter  your  initials,  date  <»>d  batch 
name  (format  for  botch  name  is:  element  symboi/yr/mo/day).  Other  settings  should 
be  os  follows.' 


Format 
Data  Printed 
Print 

Instrument  Status 
Notes 

Calibration  Results 
Calibration  Graph 
Sample  Labels 
Lines  per  Report  Page 
Printer  Type 


Sequeniiai 

EachReading 

OuringRun 

Yes 

Yes 

Yes 

Yes 

Yes 

66 

LX800 


6.2.16  Go  to  Sample  Lobels  (F6)  and  enter  the  sample  labels.  Begin  each  run  with  a 
detection  limit  check  (CRA)  sample  and  an  Independent  QC  solution  sample.  The 
onalyticol  run  order  of  10  samples  would  be  os  follows:  ICV,  ICB,  CRA,  indep  QC,  3 
samples,  CCV.  CCB,  5  samples,  CCV,CCB,  Print  the  table  using  the  'Print  Screen*  key.  At 
this  time  flu  out  the  instrument  setup  logbook,  and  start  tilting  out  the  summary  logbook. 

6.2. 17  Aliquot  the  somples  into  2  ml  polystyrene  outosonpler  cups  that  are  Icd^lled  with 
the  sample  ID.  Take  care  to  avoid  porticulotes.  If  cadmium  is  requested,  use  the 
cadmium-free  autosampler  cups.  If  o  dilution  is  required,  use  a  1 3  X  100  mm  test  tube  to 
prepare  a  2  ml  volume  dilution  (eg.  for  a  1/5  dSution  use  1.6  ml  of  0.5%  nitric  acid  and  0.4 
ml  of  sample  for  a  total  volume  of  2  mD.  Vortex  the  diluted  sample  before  pxjuring  an 
aliquot  into  an  autosampler  cup. 

6.2. 18  Make  new  storxtards  os  appropriate  according  to  the  instructions  in  the  standards 
preparotion  section.  Fill  the  autosampler  with  samples,  standards  and  modifier  in  the 
correct  positions  with  the  QC  spike  starxJard  solution  in  position  44  and  the  Calibration 
Verificallon  solution  in  position 

6.2.19  Go  to  page  18  (Signal  Graphics).  Do  on  Instrument  zero  (Alt/FlO)  and  press  FI  1 
twice  to  start  the  automatic  run. 

6.2.20  If  over-night  operation  is  required  using  a  Super  Lamp,  set  the  timer  on  the  power 
strip  to  the  required  length  of  time. 

6.3  MONITORING  THE  RUN 

6.3.1  During  the  run,  the  instrument  condition  and  sample  results  are  monitored  so 
appropriate  actions  can  be  performed  as  needed.  Follow  the  instructions  below  as 
appropriate  when  encountered. 

6.3. 1. 1  Collsration:  The  calibration  cunre,  run  at  the  start  of  the  arKilytical  run  to  relate 
sample  absorbence  to  concentration,  should  show  consistent  sensitivity  from  day  to 
day.  Check  that  a  mid-level  standard,  usually  10  or  20  p>pb,  has  a  similar  absorbence 
reading  to  what  is  typical  for  that  element.  If  the  absorbance  Is  much  lower  than 
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expected,  check  the  instrument  for  correct  capillary  alignment,  platform  alignment, 
graphite  corKlition  and  contact,  correct  standards,  etc.  Check  that  the  calibration 
cunre  is  smooth  and  free  from  dips.  Calculate  %  deviation  from  linearity  for  each 
starKlard  relative  to  the  other  storKlards.  Each  standard  should  deviate  r>o  more  than 
5%  from  their  true  value,  except  the  lowest  standard  which  should  deviate  no  more  than 
10%.  The  correlation  coefficient  (r).  should  be  greater  than  or  equal  to  0.995. 

6.3. 1.2  All  analysis  should  fall  within  the  caiibrotion  curve  range.  If  any  analysis  result, 
including  the  analytical  spike,  is  greater  than  the  highest  calibiction  standard  level, 
dilute  the  sample  and  rerun.  The  only  possible  exception  would  be  an  analytical  spike 
of  a  matrix  spike,  because  one  is  not  required  to  be  run  on  matrix  spikes. 

6.3. 1.3  Autozeroing  the  instrument.  If  during  the  run  the  calibration  blank  starts  to  drift  up 
or  down  toward  the  IDL,  pressing  F12(stop)  followed  by  FI  1  (start)  will  pause  the  run  and 
restart  with  an  autozero  to  reset  the  baseline,  ft  is  best  to  do  this  immediately  after  the  CB 
is  run  or  else  the  samples  run  since  the  lost  CB  will  have  to  be  rerun.  If  the  baseline  drift  is 
greater  than  1 .4  times  the  detection  limit  it  will  be  necessary  to  rerun  the  lost  set  of 
samples.  In  this  case  after  pausing  the  run  (F12).  go  to  the  index  (FIO)  arvd  select  page  1 1 
(Sequence  ControD.  At  the  bottom  of  the  page  change  the  startitig  sample  number  to 
the  one  after  the  lost  valid  CB.  Then  press  FI  1  to  start  the  run.  After  the  autozero  the  run 
will  automoticaly  begin  with  a  CV  and  CB. 

6.3. 1 .4  Resloping  the  instrument.  If  during  the  run  the  calibration  verification  result  starts  to 
drop  off  or  drift  upward  toward  the  10%  limit,  reslope  the  calibratton  curve.  Pause  the  run 
(FI 2).  From  the  index  (FIO)  select  page  1 1  (Sequence  Control).  At  the  bottom  of  the 
page,  cursor  over  to  the  last  column  (Rrst  Measurement)  and  toggle  it  to  RESLOPE  with 
the  Home  key.  Then  return  to  the  Signal  Graphics  page  and  press  F1 1  to  restart  the  run. 
The  instrument  will  perform  an  autozero  and  reslope  then  restart  the  run  with  a  CV  and 
CB.  If  the  CV  has  gone  out  of  control  the  instrument  will  automatically  perform  a  reslope 
and  rerun  the  lost  set  of  5  samples. 

Resloping  Involves  running  a  specified  mid-range  standard  and  adjusting  the 
calibration  curve  slope  to  the  new  instrument  response  result  for  that  standard.  Check 
that  the  reslope  result  is  between  80%  to  120%  of  the  calibration  curve  value. 

6.3. 1 .5  Adding  samples  to  the  analytical  sequence. 

Pause  the  run  (FI 2).  Go  to  page  14  (Sample  Labels),  delete  the  sample  labels  that  hove 
already  been  run  and  add  the  new  samples  to  be  run.  Go  to  page  1 1  (Sequence 
Control.  At  the  bottom  set  the  sample  number  to  start  with  and  the  Rrst  Measurement 
(i.e.  sample  or  reslope  -  the  instrument  will  run  an  autozero  automatically  in  any  cose).  If 
necessary,  change  the  lost  sample  to  be  rui  In  the  top  line  of  this  page.  Remove  the 
old  samples  from  the  sampler  tray  and  add  any  new  ones  to  be  run.  Go  to  page  18 
(Signal  Graphics)  and  press  F1 1  (Start). 

6.3. 1.6  Fill  out  the  logbooks  as  the  run  progresses.  Check  the  ICV  arKj  CCV  recovery, 
independent  QC  solution  recovery,  duplicate  RPD,  matrix  spike  %R,  and  reference 
recovery  'real  time'.  Indicate  on  the  summary  logbooks  that  the  above  were  checked 
and/or  write  the  results  in  the  comments  section. 
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6.3. 1.6  QC  CHECKS 
ICV&CCVs 

A  calibration  verification  standard  is  run  at  the  start  of  the  run  immediately  after 
calibration,  every  6  samples  (20  bums),  and  at  the  end  of  the  analytical  run  to  verify 
calibration  stabilify.  The  same  solution  is  used  for  both  the  initial  calibration  verification 
(ICV)  and  the  continuing  caiibration  verification  (CCV).  QC  acceptance  limits  for  the  CV 
are  90%  to  1 10%  of  the  true  value.  If  a  CV  result  is  outside  of  the  limits,  the  instrument  will 
perform  an  autozero  and  a  reslope.  otkI  rerun  all  samples  sirtce  the  lost  acceptable  CV. 

ICB&CCBs 

A  calibration  blank  Is  run  after  every  analysis  of  a  calibration  verification  standard  to 
check  for  baseline  drift  and  sample  carry-over.  An  initial  calibration  blank  (ICB)  is  run 
immediately  after  the  ICV  and  a  continuing  caiibration  bionk  (CCB)  is  run  immedioteiy 
after  each  CCV.  The  acceptance  iimlts  for  the  CB  ore  rtegative  1 IDL  to  positive  1 1DL  with 
rounding  (i.e.  if  IDL  is  1.0  ug/L.  then  limits  would  be  -1.4  to  +1.4  ug/L).  If  a  CB  is  outside  the 
limits,  run  an  autozero  (A/Z)  and  rerun  samples  since  the  last  acceptable  CB. 

CRA 

The  CRA  (Contract  Required  Detection  Limit  standard  for  GFAA)  prepxared  at  2  times  the 
IDL.  is  a  QC  check  sample  run  after  the  ICV  and  ICB.  Although  there  are  rx)  acceptance 
limits  for  the  CRA.  it  should  run  within  1  IDL  of  Its  true  value.  It  should  be  run  with  an 
analytical  spike  os  an  analytical  spike  check. 

INDEPENDENT  QC  SOLUTION  (currently  APG7878) 

l^e  APG  solution  Is  run  as  an  independent  €1C  sample,  a  source  separate  from  the 
calibration  standards  and  the  CV,  usually  immediately  after  the  CRA.  Since  no 
preparation  steps  are  required  to  run  this  solution,  other  than  routine  dilution  for  some 
elements,  this  solution  is  used  as  a  double  check  of  the  calibration  standards 
preparation. 

IVPC 

The  IVPC  (Inorganic  Ventures  Performance  Check)  solution  is  a  1/lCX)  dilution  of  the  IVCV 
INT  (Inorganic  Ventures  Calibration  Verification  Intermediate).  It  can  be  used  to  verify 
CV  preparation  or  for  a  non-calibration  curve  MSA  QC  check. 

6.3. 1.7  PRECI90N  CRITERIA 

All  GFA  arKslyses  are  double  bum/injections,  except  for  MSA  and  IDL  determinations. 
The  precision  criteria  between  the  2  bums  is  based  on  the  concentration  result.  If  the 
corK:entroition  Is  less  than  or  equal  to  4  times  the  IDL,  then  the  absolute  difference 
between  the  two  burns'  absorbance  readings  should  be  less  than  or  equal  to  the 
absorbance  amount  equivalent  of  1 1DL  The  absorbance  amount  that  is  equal  to  1 1DL 
calculated  from  the  calibration  curve  or  the  latest  reslope.  If  the  concerrtrotlon  is 
greater  than  4  times  the  IDL.  then  the  RSD  should  be  less  than  or  equal  to  20%.  If  either 
limit  Is  exceeded,  then  the  sample  should  be  rerun  once.  A  dilution  might  possibly  be 
run  to  dilute  a  matrix  problem,  if  one  e)dsts. 
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6.3. 1.8  ANALYTICAL  SPIKE 

Each  GFA  sample  is  run  with  on  analytical  spike  (sometimes  referred  to  os  on  instrument 
spike)  to  determine  if  sample  matrix  effects  are  occurring  during  analysis.  The 
acceptance  limits  for  the  analytical  spike  recovery  ore  based  on  the  corKentration 
result.  If  the  corrcentrotion  result  is  greyer  than  or  equal  to  2.5  times  the  IDL.  then  the 
recovery  acceptance  limits  are  85%  to  115%.  If  the  concentration  is  less  than  2.5  times 
the  IDL.  then  the  analytical  spike  recovery  should  be  greater  than  or  equal  to  40%.  If 
either  Umit  is  not  met.  then  an  appropriate  dHution  should  be  prepared  and  run.  or.  if  the 
analytical  spike  recovery  is  close  to  meetk^g  the  acceptance  limits,  the  sample  may 
be  rerun  once  at  the  same  dilution.  If  the  sample  result  rounds  to  greater  than  2.5  times 
the  IDL  and  the  analytical  spike  recovery  is  not  acceptable,  a  dilution  of  the  sample  (or 
a  further  dilution)  should  be  run.  unless  the  resultir^g  corx:entration  would  be  less  than  5 
times  the  IDL  The  dilution  factors  we  orxsiyze  samples  at  are  1/2, 1/5, 1/10, 1/20. 1/40. 
1/50. 1/100.  Perform  a  MSA  on  the  sample  using  three  additions  of  analyte  at  the  currertt 
sam^e  dilution  after  the  above  actions  foil  to  produce  an  acceptable  result. 


When  comparing  dilutions  keep  in  miruj  that  the  accuracy  of  the  concentration  result 
may  be  affected  by  matrix  effects/low  spike  recovery.  If  a  sample  Is  run  Initially  at  a 
dilution  In  anticipation  of  matrix  interference,  the  lowest  possible  dilution  with 
acceptable  Irwtrument  spike  recovery  should  be  attempted. 

DILUTION  GUIDELINES  FOR  INSTRUMENT  SPIKE  RECOVERY 


CONCENTRATION 


any 


eater  than  2.5  IDL 


eater  than  2.5  IDL 


greater  than  2.5  IDL 


FI 

FI 


%  RECOVERY 

DILUTION 

6-39% 

1/5  or  greater 

4(W9.>130 

1/5 

70-80.120-130 

1/2 

borderline 

acceptable 

rerun  at  some  dilution 

6.3. 1.9  DIGESnON/BATCH  QC  SAMPLES 
METHCX)  BLANK 

A  method  blank  (MB)  is  run  with  every  client  group  of  samples  or  every  sample  digestion 
group  (SDG).  The  method  blank  concentration  should  be  less  than  1  IDL.  AH  method 
blanks  should  have  analytical  spike  recovery  from  85%  to  1 15%.  The  following  rerun 
guidelines  apply.  If  the  analyte  is  detected  in  the  method  blank,  then  it  should  be  rerun. 
If  the  method  blank  is  still  detectable,  check  the  digestion  log  for  other  method  blanks 
from  the  same  digestion  group  and  run  one  (or  more  if  necessary).  If  this  method  blank 
is  stm  detectable,  then  all  the  samples  in  the  client  job  must  be  redigested  with  a  new 
method  blank  unless  all  samples  are  greater  than  10X  the  detected  method  blank 
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ccxicentrcjtion.  A  corrective  action  form  shouid  be  filled  out  by  the  analyst  and  the 
supen/lsor  should  be  informed. 

MATRIX/DIGESTION  DUPUCATE 

A  duplicate  sample  Is  digested  to  test  the  reproducibility  of  the  method.  The 
acceptance  limits  are  based  on  the  cor^er^ration  result.  If  both  origitxsl  and  duplicate 
sample  corrcentrations  are  greater  than  or  equal  to  5  times  the  IDL,  then  the  relative 
percent  difference  (RPO)  should  be  less  than  20%.  if  either  the  original  or  duplicate 
sample  corx:entration  Is  less  than  5  times  the  IDL,  then  the  absolute  difference  between 
the  two  concentration  results  should  be  1  IDL  or  less.  For  soil  or  tissue  samples,  the 
sample  concentrations  must  be  cdci^ed  in  mg/kg  units.  If  a  duplicate  RPD  is  outside 
the  acceptance  limits,  then  a  corrective  action  form  should  be  filled  out  by  the  analyst 
and  the  supervisor  should  be  informed. 

MATRIX/DIGESTION  SPIKE 

A  matrix  spike  sample  Is  spiked  before  digestion  to  detect  analyte  losses  during 
digestion  and  matrix  effects  on  digestion  efficiency.  Usually  the  matrix  duplicate  and 
the  matrix  spike  are  performed  on  the  same  sample.  The  acceptance  limits  for  spike 
recovery  are  75%  to  125%,  if  the  original  sample  concentration  Is  less  than  4  times  the 
spike  added.  If  the  original  sample  concentration  is  greater  than  4  times  the  spike 
added,  there  is  no  acceptance  criteria.  For  soil  or  tissue  samples,  the  sample 
concentrations  must  be  calculated  in  mg/kg  units,  including  the  spike  added. 
Antimony  recoveries  on  soil  or  sludge  samples  typically  range  between  15%  and  65%. 
Except  for  Antimony,  if  the  matrix  spike  recovery  is  outside  the  acceptance  limits  then  a 
corrective  action  form  should  be  filled  out  by  the  analyst,  and  the  supenrisor  should  be 
informed. 

REFERENCE  SAMPLES 

A  reference  sample  is  a  sample  of  known  and/or  certified  arxslyte  cortcentrotion,  which 
is  digested  with  a  group  of  samples  to  verify  digestion  recovery  in  the  appropriate 
matrix.  Water,  soil,  and  tissue  refererrces  are  used.  The  water  reference  recovery 
acceptance  limits  are  80%  to  1 20%.  For  a  soil  reference  the  certified  ranges  ore  used  os 
recovery  limits.  For  soil  or  tissue  sarnies,  the  reference  concentration  must  be 
calculated  in  mg/kg  units.  If  the  recovery  is  outside  the  acceptance  limits,  then  a 
corrective  action  form  should  be  filled  out  by  the  analyst,  and  the  supen4sor  should  be 
informed. 

6.3.1.10  GRAPHICS  ^ 

Graphics  shouid  be  reviewed  for  analyte  peak  appearance  time  shifts.  This  is  especially 
important  for  peak  area  Integration  methods  as  the  entire  peak  must  be  in  the 
integration  window  for  the  result  to  be  valid.  The  background  +  signal  trace  can  be 
useful  for  predicting  the  appropriate  dilution  necessary  for  matrix  interferences,  but  a 
low  background  -f  signal  trace  irroy  also  appear  \Arith  low  spike  recovery.  Peak  shapes 
shouid  also  be  watched  for  any  anomalies.  On  the  VARIAN  GFAAS,  Zeeman 
background  correction  over-correction  appears  as  a  negative  concentration. 
Samples  that  show  over-correction  may  require  sample  dilution. 
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6.3.1.11  CARRY-OVER 

Very  high  samples  con  affect  the  samples  run  after  them.  This  effect,  called  carry-over, 
is  usually  apparent  as  a  high  burn  foliowea  by  successively  lower  bums.  Samples 
suspected  of  carry-over  effects  should  be  rerun.  Pipetting  ccrry-over  can  ateo  occur 
after  very  high  samples,  so  samples  suspected  of  this  should  be  reprepcved  and  rerun. 

3.1.12  MSA 

ie  method  of  standard  additions  (MSA)  is  a  method  of  adjusting  sample 
concentration  result  for  spike  recovery  at  three  spike  levels.  Sample  corKentrotion  is 
extrapolated  by  linear  regression  from  the  absorbance  result  of  the  unspiked  sample 
arxj  the  sample  spttced  at  three  levels.  Idealy  the  spiking  levels  are  50%.  100%  arxj  150% 
of  the  sample  concentration. 

For  the  elements  with  on  IDL  of  1  ug/L.  arxt  additions  of  5. 10. 15  ug/L.  the  MSA  cdculoted 
concentration  should  be  less  then  20  ug/L.  or  the  sample  should  be  diluted  and  run  by 
MSA  again.  For  the  elements  with  on  IDL  of  0.2  ug/L.  and  additions  of  0.5. 1 .0. 1 .5  ug/L.  the 
MSA  calculated  corK^entrortion  should  be  less  tl^n  2.0  ug/L.  or  the  sample  should  be 
diluted  and  run  by  MSA  again. 

L'rtear  regression  of  the  MSA  can  be  caicirioted  using  HP  calculators  or  EXCEL  software, 
r  (correlation  coefficient)  should  be  greater  than  or  equal  to  0.995.  or  the  sample  should 
be  rerun  once,  if  both  r  values  ore  less  than  0.995.  then  the  analysis  with  the  better  r  value 
is  used.  A  single  bum  is  used  for  MSA. 

6.3.1.13  ROUNDING  RULE 

The  routine  rourKllng  rule  Is  to  round  up  if  the  digit  following  those  to  be  retained  is  5  (I.e. 
40.55  would  round  up  to  40.6). 

6.4  SHUT  DOWN  PROCEDURES 

6.4. 1  When  the  Instrument  Is  done  onalyzkig  samples  the  software  will  exit  to  DOS.  Turn 
the  boost  current  knob  of  the  Super  Lamp  power  supply  fully  counterclockvirlse  and 
switch  the  power  off.  Turn  off  the  unit  In  the  folowing  order:  a.)  the  power  strip,  b.)  the 
GTA  furrK3ce  power  supply,  c.)  the  spectrometer. 

6.4.2  Turn  off  the  cooing  water.  arxJ  the  cremate  gas  cylfrider  (if  required). 

6.4.3  Turn  off  the  exhaust  fan  switch. 


7.0  Review 

Refer  to  procedures  section  for  review  during  the  run  instructions. 

OJOQuoHy  Control 

Refer  to  procedures  section  for  QC  acceptance  criteria. 
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9.0  Corwdiv*  Adiont 

9.1  Coriibraticxi 

If  the  calR)ratlon  does  not  meet  the  criteria  In  section  6.3. 1.1.  then  corrective  action 
should  be  taken  before  proceeding  with  re-colbrotion.  unless  the  graphite  cuvette  Is 
new  and  may  hove  needed  some  conditioning.  If  the  cuvette  is  new.  then  recaHbration 
can  be  attempted  without  tokir^g  corrective  action  first. 

9.2  QC  checks 

If  a  QC  check  is  out  of  control,  then  corrective  action  should  be  token  before 
proceeding  with  analysis.  This  could  involve  repreporing  the  solution,  rerunning  the 
solution,  checking  irrstrument  cortditions.  etc. 

9.3  Irrstrument  malfunctions 

Consult  other  experienced  Varian  3002  operators  or  the  supenrisor  for  guidance.  The 
maintenance  logbook  orKl  the  senrice  mcxrual  could  be  helpful  for  troubleshootirrg. 

10.0  Miscellaneous  Notes  oryj  Precautions 

10.1  The  analyst  should  be  aware  of  the  sensitivity  differences  of  the  various  GFAAS 
elements  os  they  typically  run  on  the  instrument.  If  calibration  absorbances  start  at  the 
lower  end  of  acceptability,  then  the  percentage  of  reslope  absorbance  acceptability 
should  be  adjusted.  Also  a  lower  reslope  value  also  affects  the  precision  criteria  on  low 
level  samples. 

10.2  GFAAS  low  detection  limits  require  that  contamination  potential  be  minimized.  The 
samples  preparation  area  should  be  kept  clean  and  the  autosampler  should  be  wiped 
down  regularly.  Standards  should  be  segregated  at  all  times  from  samples,  blank  arxt 
modifier.  Re-use  of  pipet  tips  and  beakers  should  be  clearly  identified  and  segregated. 

1 1.0  Method  References 

USEPA  SW-846  Method  7000A  7/92. 

USEPA  SW-846  Method  7041  9/86. 

USEPA  SW-846  Method  7060A  1 1/92. 

USEPA  SW-846  Method  7131A  1 1/92. 

USEPA  SW-846  Method  7421  9/86. 

USEPA  SW-846  Method  7740  9/86. 

USEPA  SW-846  Method  7761  9/86. 

USEPA  SW-846  Method  7841  9/86. 


12.0  Appendteet 

ARl  CONTROLLED  COPY 

12.1  Vartan  Program  Directory 

Document  # 

12.2  Standard  and  Modifier  Preparation 

This  docurrwnt  remalrrs  the  property  of 

Arwiyticel  Resources  inc. 

12.3  Instrument  Parameters  -  All  Elements 
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APPENDIX  12.1 

VARIAN  PROGRAM  DIRECTORY 

1.  Cu 

16.  Pb  ROUTINE 

2  CuBCOFF 

17.  PbCLP 

3.  Ag  ROUTINE 

18.  PblDL 

4.  AgCLP 

19.  Pb  CURVE  MSA 

S.  AgIDL 

20.  As  ROUTINE 

6.  Ag  CURVE  MSA 

21.  As  CLP 

7  AgHF  DIGEST 

22.  AsIDL 

8.  Sb  ROUTINE 

23.  As  CURVE  MSA 

9.  SbCLP 

24.  Se  ROUTINE 

10.  SblDL 

25.  Sc  CLP 

11.  Sb  CURVE  MSA 

26.  SelDL 

12.  T1  ROUTINE 

27.  Se  CURVE  MSA 

13  TICLP 

28.  Cd  ROUTINE 

14.  TIIDL 

29.  CdCLP 

15.  TI  CURVE  MSA 

30.  CdIDL 

31.  Cd  CURVE  MSA 

32.  CdHF  DIGEST 

34.  Be 

35.  Ni 

36.  Cr 

50.  Cd  Pd  MOD/PLAT/WBH 

AHALY1ICAL 


App«IKlX 

12.2  StondCNds  Preparation 
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STANDAtPS  WPABATION 

WeflKIv; 

Seven  Element  Intermediate  Standard: 

To  a  100  mL  volumetric  flask  containing  approdmoitely  80  mL  de-ionized  water,  odd  2  mL 
Trace  Metal  Grade  HNO3.  ^  coixotion  stock  aryj  0.200  mL  1000  mgA-  Sb  stock. 

Olute  to  volume  with  de-lonized  water. 


Cattxation  StorKtords: 

At  colbration  standards  are  mode  up  in  100  mL  volumetric  flasks  with  0.5%  HNO3  (odd  0.5 
mL  Trace  Metal  Grade  HNO3  to  the  volumetric  flask  corrtalning  about  80  mL  de-kxrized 
water  then  diute  to  volume  with  de-ionizad  water  otter  IrrtermecSate  standard  has  been 
added).  Numbers  in  parentheses  refer  to  Ag  and  Cd  concentrations. 

75  (7.5)  mgA-'  Add  3.75  mLirrtermedkitestd.  Used  for  Pb  (Vorion  and  TJA). 

50  (5.0)  mgA:  Add  2.50  mL  intermedkite  std.  Used  for  al  elements  and  irrstruments. 

25  (2.5)  mgA-:  Add  1.25  mL  intermedkste  std.  Used  for  Vorion  spidrrg  solution. 

3.0  (0.3)  mgA  AddO.ISOmLirttermediatestd.  Used  for  IDL  determinations. 


CRA:  These  solutions  ore  made  In  the  same  manner  as  the  cattxation  standards. 
2.0  mgA  Add  0. 100  mL  Intermediate  std.  Used  for  As.  Pb.  Sb.  Se  otkI  T1. 

0.4  mgA  Add  0.200  mL  intermecflote  std.  Used  for  Cd  and  Ag. 


IDL  Standards:  These  standards  ore  mode  in  the  some  manner  as  the  caittxation 
standards. 

For  As.  Pb.  Sb.  Se  and  Tl  use  the  3  mgA  standard. 

For  Cd  arKi  Ag  use  a  0.6  mg/L  standard  made  by  using  0.3(X)  mL  intermediate  std. 


Daitv 

Calibration  Verification  Standards  (CV):  These  standards  are  made  in  the  same  manner 
as  the  cattxation  stortdards  in  a  0.5%  HNO3  matrix  and  using  the  (Vibration  Verification 
intermediate  solution  as  a  source. 

Ag:  Add  1.X  mL  CV  irttermedkite  std.  3  mgA 

Cd:  Add  1.25  mLCV  Intermediate  std.  2.5rT^L 

Pb:  Add  1.60  mL  CV  intermediate  std.  40  mg/L 

As.  Se.  Sb  OTKl  Tl:  Add  0.5  mL  intermediate  std.  25  mg/L 
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MOPiflEB  PgjPAEATlQN 

Pd/Mq/Cttric  Acid  modifter.  Used  for  As.  Se.  Tl.  Pb.  Sb.  To  moke  a  final  concentration 
of  500  mg/L  Pd.  1000  mg/L  Mg  otkI  1%  Citric  Acid,  to  a  100  mL  volumetric  flask  wtth  about 
50  mLs  de-ionized  water  in  it.  odd  5  mLs  Envkoivnentai  Express  1%  Pd  corKentrorte  orKj  5 
mL  20XXX)  mg/L  Mg  solution  and  1  gram  Bc^er  Artaiyzed  Citric  Acid  Monohydrate.  Olute 
to  vokjme  with  de-ionIzed  water. 

20  JQQ  ma/L  Mg  solution:  To  o  200  mL  volumetric  flask  with  about  100  mL  de- 
iordzed  water  In  It.  add  42  g  Ultra  Pure  ALFA  Mg(N03)2-6H20.  Dilute  to  volume  with 
de-ionized  water. 

Cadmium-free  fNH^l2^PQj^.  Used  for  Cd.  In  a  100  mL  volumetric  flask,  dilute  4  mL  stock 
Cadmium  free  (NH4)2HP04  to  volume  with  de-ionted  water. 

Stock  Codmium-free  (NHj^l2l^PQ^.  Dissolve  32g  (NH4)2HP04  In  de-lordzed  water, 
bring  to  volume  in  a  200  mL  volumetric  flask.  Add  10  drops  saturated  APDC 
solution  orKl  extract  three  times  with  20  mL  MIBK  (methyl  isobutyl  ketorte). 

Soturated  APDC  solution:  Dissolve  about  2g  Amrnoriium  Pyrridine  DithkxkJte  in 

approximately  30  mL  deionized  water  to  moke  a  saturated  solution. 
Keep  re^eroted. 

1%  NH^F^PQ^:  Used  for  Ag.  Dissolve  1 .00  g  of  ultrex  Ammonium  Phosphate.  Monobasic 
in  deionized  water.  Dilute  to  volume  a  100  mL  flask. 
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12.3  InstruriMnt  Parameters 
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INSTRUMENT  PARAMETERS  FOR  ALL  ELEMENTS 


Measurement  Mode  Peak  Area 

Slit  Height  Normal 

Measurement  time  (sec.)  1.0 

BockgrourKl  Correction  <Dn 

Cuvette  Type  Coated  Pkateau  with  Platform 

Replicates 

Routine  2 

IDL  1 

MSA  1 

Recalibration  Rate  0 
Reslope  Rate  0 

Multiple  Inject  No 

Hot  Inject  Yes 

Temp  15D 

Inject  Rote  5 

QC  Standard  Sampler  Potion  45 

QC  Standard  Rote  Routine  5 

lOL  0 

MSA  20 

QC  StoTKlard  Lfrnits  90-1 10% 

QC  Standard  Volume  (mL)  15 

QC  Spike  Sampler  Position  44 

QC  Spike  Rote 

Routine  1 

IDL  0 

MSA  0 

QC  Spike  Limits  (for  samples  >  2.5xiOL}  85-115% 

QC  Spike  Minimum(for  samples  <  2.5xlDL)  40% 

QC  Spike  Volume  (mL)  6 

Overrange  Volume  Reduction  1 


RSD  Limit  100%  (No  automatic  rerun  for  RSD  over  20%) 
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INSTRUMENT  PARAMETERS 


Lctfnp  Current  10mA 

Silt  Width  0.2nm 

Wavelength  217.6rtm 

Sample  Introduction  Sampler  Automix 

FURNACE  PARAMETERS 


Step  Temperature 

Time 

Gas  Flow 

Gas  Type 

Read 

No.  (O 

(sec) 

(L/mln) 

Commarxj 

1  300 

35.0 

3.0 

alternate 

no 

2  600 

lao 

3j0 

alternate 

no 

3  1200 

5.0 

3X) 

alternate 

no 

4  1200 

5.0 

3X) 

alternate 

no 

5  1200 

1.0 

00 

normal 

no 

6  2S0O 

a6 

00 

normal 

yes 

7  2500 

20 

0.0 

normal 

yes 

8  2500 

1.0 

30 

normal 

no 

9  2600 

20 

30 

normal 

no 

10  40 

128 

30 

normal 

no 

STANDARDS 

StoTKlord  1 

lOO 

StarKk)rd2 

20.0 

Standc»d3 

sao 

CoTKentratlon  Units 

mg/L 

Reslope  Standard 

2 

SAMPLER 

PARAMETERS 

Volumes  (uL) 

Type 

Solution 

Blank 

Modifier 

Blank 

15 

5 

Standard  1 

3 

12 

5 

Standard  2 

6 

9 

5 

StOTKlardS 

15 

0 

5 

Sample 

15 

0 

5 
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QCPROTCX:OLS 

QC  Stanckvd  Concentration  25mg/L 

QC  Spike  Concentration  25.0mo/L 

Required  Detection  Limit  I.Omg/L 

MATRIX  MODIFIER 
SOOmg/LPd. 
lOOOug/LMG. 
and1%CitricAcid 
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ARSENIC  METHOD 

INSTRUMENT  PARAMETERS 
Lamp  Type 

Lcsmp  Cwrent 

Slit  Width 

Wavelength 

Sample  Introduction 

FURNACE  PARAMETERS 

Step  Temperature 

No.  (O 

PhotronSuperLamp 

15mA 

1.0nm 

193.7nm 

Sampler  Automix 

Time  Gas  Flow  Gas  Type 

(sec)  (L/min) 

Read 

Command 

1 

300 

35.0 

3.0 

alterrtote 

no 

2 

600 

10.0 

3.0 

aiterTKste 

no 

3 

1300 

5.0 

3.0 

aiterrxste 

no 

4 

1300 

5.0 

3.0 

aiterrKJte 

no 

5 

1300 

1.0 

0.0 

normal 

no 

6 

2S0O 

0.6 

0.0 

normal 

yes 

7 

2500 

2.0 

ao 

normal 

yes 

8 

2500 

1.0 

3.0 

normal 

no 

9 

2600 

20 

3.0 

normal 

no 

10 

40 

128 

3.0 

normal 

no 

STANDARDS 

Standard  1 

10.0 

Standard  2 

200 

Standard  3 

500 

CoTKerttrotlon  Units 

mg/L 

Reslope  Standard 

2 

SAMPLER  PARAMETERS 

Volumes  (mL) 

Type 

Solution 

Blank 

Modifier 

Blank 

15 

5 

Standard  1  3 

12 

5 

Standard  2  6 

9 

5 

Standard  3  15 

0 

5 

Sample  15 

0 

5 
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QC  Standard  Concentration  25mg/L 

QC  Spttce  Concentration  25mg/L 

Required  Detection  Limit  1 .0  mg/L 


MATRIX  MODiRER 
SOOmgAJPd. 
lOOmg/LMg  and 
1%citricacid. 
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CADMIUM  METHOD 


INSTRUMENT  PARAMETERS 
Lamp  Current 
Slit  WkJth 
Wavelength 
Sample  Introduction 


5mA 

0.5nm 

228.8rvn 

SamplerAutomix 


FURNACE  PARAMETERS 


Step 

No. 

Temperature 

(O 

Time 

(sec) 

Gas  Flow 
(L/min) 

Gas  Type 

Read 

CommoTKl 

1 

300 

350 

30 

rK>rmal 

no 

2 

600 

100 

30 

normal 

no 

3 

900 

50 

30 

normal 

no 

4 

900 

50 

3.0 

normal 

no 

5 

900 

1.0 

OO 

normal 

no 

6 

1900 

05 

00 

normal 

yes 

7 

1900 

20 

00 

normal 

yes 

8 

1900 

1.0 

30 

normal 

no 

9 

2600 

20 

30 

normal 

no 

10 

40 

128 

30 

normal 

no 

STANDARDS 

Standard  1  1.00 

Standard  2  200 

Standard  3  5.00 

CoTKerTtrotlon  Units  mg/L 

Reslope  Standard  2 

SAMPLER  PARAMETERS 
Volumes  (uL) 


Type  Solution 


Blank  Modifier 


Bionk 

Standard  1  3 

Standard  2  6 

standards  15 

Sampie  15 


15 

12 

9 

0 

0 


5 

5 

5 

5 

5 


V 


QC  PROTOCOLS 

QC  Standard  Concentration  2.5mg/L 

QC  Spfce  Concentration  2.5mg/L 

Required  Detection  Limit  0.2  mg/L 


MATRiX  MODlFiER 
Cadmium  free  (NH4)2HP04 
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INSTRUMENT  PARAMETERS 
Lamp  Current 
Slit  Width 
Wavelength 
Sample  Introduction 

FURNACE  PARAMETERS 


5mA 
0.5  nm 
283.3nm 

Sampler  Automix 


Step 

No. 

Temperature 

(O 

Time 

(sec) 

Gas  Flow 
(L/mln) 

Gas  Type 

Read 

CommarxJ 

1 

300 

35.0 

3.0 

alterrxste 

no 

2 

600 

10.0 

3j0 

alternate 

no 

3 

1000 

5.0 

3.0 

alterrxste 

no 

4 

1000 

300 

3j0 

alternate 

no 

5 

ISO 

4.3 

00 

normal 

no 

6 

2300 

1.1 

00 

normal 

yes 

7 

2300 

20 

00 

normal 

yes 

8 

2300 

1.0 

30 

normal 

no 

9 

2700 

20 

30 

normal 

no 

10 

40 

13.3 

30 

normal 

no 

STANDARDS 

Standard  1 

100 

Standard  2 

300 

standards 

450 

Standard  4 

600 

standards 

75.0 

Concerttrotlon  Units 

ug/L 

Reslope  Standard 

2 

SAMPLER  PARAMETERS 

Volumes  (uL) 

Calibration 

Type 

Solution 

Blank 

Modifier 

Blank 

0 

15 

5 

StarKjard  1 

3 

12 

5 

Star>dard2 

6 

9 

5 

standards 

9 

6 

5 

StarKlcvd4 

12 

3 

5 

standards 

15 

0 

5 

Sample 

15 

0 

5 
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QCPROTOCXX 

40mg/L 
50mo/L 
1.0  mo/L 

MATRIX  MODIFIER 
SOOmo/LPd. 

100mgAMo.and 

1%cltricacid 


QC  SIOTKiard  Concentration 
QC  Spjice  Concentration 
Required  Detection  Limit 
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INSTRUMENT  PARAMETERS 

Lomp  Type 

LompCuront 

Slit  Width 

Wavelength 

Sample  Introduction 


PhotronS<^rLamp 

18mA 

1.0ryn 

196.0nm 

Sampler  Automix 


FURNACE  PARAMETERS 


Step 

No. 

Temperature 

(O 

Time 

(sec) 

Go&Po^ 

(L/mln) 

Gas  Type 

Read 

Ckxnmand 

1 

300 

350 

3j0 

aiterrxste 

no 

2 

600 

1Q0 

3X) 

alterrKjte 

no 

3 

1300 

5.0 

3/) 

alterrxste 

no 

4 

1300 

50 

30 

alterrxste 

no 

5 

1300 

1.0 

OO 

normal 

no 

6 

2S0O 

a? 

00 

rtormal 

yes 

7 

2500 

20 

00 

rtormal 

yes 

8 

2500 

1.0 

30 

normal 

no 

9 

2600 

20 

30 

normal 

no 

10 

40 

128 

30 

normal 

no 

STANDARDS 


Standard  1  10.0 

Standard  2  20.0 

Standard  3  S0.0 

Concentration  Units  mg/L 

Reslope  StarKjard  2 


SAMPLER  PARAMETERS 
Volumes  (uL) 

CoHbration 

Type  Solution  Blank 


Modifier 


Blank 

StorKksrd  1  3 

StarKiard2  6 

Standard  3  15 

Sample  15 


15 

12 

9 

0 

0 


5 

5 

5 

5 

5 
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QC  standard  Concentratkxi 
QC  Spire  Concentrotton 
ReqiJred  Detection  Limit 

MATRIX  MODiflER 

500mo/LPd, 

1000iing/LMg>ond 

l%CitricAcid. 


2S.0mg/L 
25.0mo/L 
1.0  mg/L 
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SILViS  MEIMOD 


INSTRUMENT  PARAMETERS 


Lamp  Current 

4mA 

Slit  Width 

0.5nm 

Wavelength 

328.1rim 

Sample  Irrtroduction 

Sarrpter  Automix 

FURNACE  PARAMETERS 

Step  Temperature 

Time 

Gas  Flow 

Gas  Type 

Read 

No.  (O 

(sec) 

(L/min) 

Command 

1  300 

35.0 

30 

rrormal 

no 

2  dX) 

100 

30 

riormal 

no 

3  KDO 

5.0 

30 

normal 

no 

4  1000 

5.0 

30 

rtormal 

no 

5  1000 

1.0 

00 

normal 

no 

6  1900 

05 

00 

normal 

yes 

7  1900 

20 

00 

normal 

yes 

8  1900 

1.0 

30 

normal 

no 

9  2000 

20 

30 

normal 

no 

10  40 

128 

30 

normal 

no 

STANDARDS 

StOTKlard  1 

1.00 

Star>dard2 

200 

standards 

500 

Concerrtrotlon  Units 

mg/L 

Reslope  Starxjard 

2 

SAMPLER 

PARAMETERS 

Volumes  (uL) 

Type 

Solution 

Blank 

Modifier 

Blank 

15 

5 

Standard  1 

3 

12 

5 

Standard  2 

6 

9 

5 

standards 

15 

0 

5 

Sample 

15 

0 

5 
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QCPROlOCOiS 

QC  Slandard  ConcenhoNon  3.0mg/L 

QC  Spke  Concentratkx^:  2.5mg/L 

Required  Detection  Limit  0.2  mg/L 

MATRIX  MODiflER 
1%NH4H2P04 
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-# 

THALUUM  METHOD 

INSTRUMENT  PARAMETERS 

Lamp  Type 

Photron  Super  Lamp 

Lonp  Current 

10mA 

Slit  Width 

0.5fwn 

Wavelength 

2758nm 

Sample  Introduction 

Sampler  Automix 

FURNACE  PARAMETERS 

Step  Temperature 

Time 

Gas  Flow 

Gas  Type 

Read 

No.  (O 

(sec) 

(L/mln) 

Commarxj 

1  300 

350 

3.0 

alternate 

no 

2  600 

10.0 

3U 

alterrxjte 

no 

3  1100 

5.0 

3X) 

alternate 

no 

4  1100 

50 

3D 

alterrxite 

no 

5  1100 

1.0 

QO 

normal 

no 

6  2300 

0.6 

OD 

normal 

yes 

7  2300 

20 

OX) 

normal 

yes 

8  2300 

1.0 

3D 

normal 

no 

9  2600 

20 

3.0 

normal 

no 

A 

10  40 

128 

3.0 

normal 

no 

w 

STANDARDS 

Standard  1 

lao 

Standard  2 

2ao 

standards 

500 

Concentration  Units 

mL/L 

Reslope  Standard 

2 

SAMPLER  PARAMETERS 

Volumes  (uL) 

Type  Solution 

Blank 

Modifier 

Blank 

15 

5 

Startdord  1  3 

12 

5 

Standard  2  6 

9 

5 

standards  15 

0 

5 

S<»nple  15 

0 

5 
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QC  PROTOCOLS 

QC  Sfondoid  Rate  Concentration  25.0mg/L 
QC  Spike  Concentration  25.0no/L 

Required  Detection  Limit  1.0  mg/L 

MATRIX  MODIFIER 
500  mg/L  Pd. 
lOOOug/LMg.oTKl 
1%  Citric  Acid 
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STANDARD  OPERATING  PROCEDURE 
TlMimo  Jcnrall  Ash  ICAP61  Analysis 


1.0  Scope  and  AppiicoHon 

This  document  will  cover  the  optimization,  doily  set-up,  operation  and  maintenance  of 
the  ARTS  Thermo-Jarrell  Ash  ICAP61  (TJA ICAP61).  The  TJA  ICAP61  is  a  simultaneous  ICP 
allowing  the  detection  of  28  to  31  elements  simultaneously  by  the  arrangement  of 
seporate  photomultiplier  tube  detectors  for  each  analytical  line  along  an  arc.  An 
autosampler  allows  for  unattended  operation  of  the  ICP.  although  ARl  does  not  operate 
the  ICP  overnight  or  completely  unattended  for  extended  periods  of  time.  For  each 
analytical  sample  run.  the  ICP  is  first  standardized,  then  QC  solutions  are  checked.  After 
the  standardization  and  QC  solutions  are  verified  to  be  in  control,  samples  are  prepared 
for  analysis.  Optimization  of  the  ICP  torch  and  optics  will  be  described  in  detail.  The 
quarterly  procedures  for  linear  range  checks.  lEC  checks  and  IDL  determinations  ore 
also  described.  Maintenance  is  detailed  for  both  daily  and  less  frequent  intervals. 

2.0  Definitions 

2.1  ICP-OES:  Inductively  Coupled  Argon  Piasma  -  Optical  Emission  Spectrometry 

2.2  ICP:  Abbreviated  ICP-OES  to  ICP  for  this  document. 

2.3  IDL:  Instrument  Detection  Limit.  As  defined  in  the  EPA-CLP  SOW,  three  times  the 
standard  deviation  of  seven  replicate  meosurements  averaged  over  three  non- 
consecutive  days. 

2.4  MDL:  Method  Detection  Limit.  As  defined  in  40  CFR;  three  times  the  standard 
deviation  of  seven  replicate  measurements  of  a  low  level  standard  or  sample  that  has 
gone  through  a  preparation  step. 

2.5  ICV:  Initial  Calibration  Verification.  An  independent  standard  at  a  concentration 
other  than  that  used  for  instrument  standardization,  run  immediately  after 
standardization  to  verify  the  accuracy  of  the  standardization. 

2.6  CCV:  Continuing  Calibration  Verification.  An  independent  standard  at  a 
concentration  other  than  that  used  for  instrument  standardization,  run  after  every  group 
of  10  samples  and  at  the  end  of  the  day  to  verify  standardization  accuracy  during  the 
analytical  run. 

2.7  ICB:  Initial  Calibration  Blank.  A  standardization  blank  run  immediately  after  the  ICV 
to  verify  the  baseline  of  the  standardization. 

2.8  CCB:  Continuing  Calibration  Blank,  A  standardization  blank  run  immediately  after 
every  CCV  to  verify  the  baseline  of  the  standardization. 
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29  LCS:  Laboratory  Control  Sample.  A  reference  sample  of  known  cortcentration 
processed  along  with  the  samples  to  test  the  digestion  procedure  for  accuracy.  Both 
solid  references  and  method  blank  spikes  ore  LCSs. 

210  ICSA.  ICSAB;  Interference  Check  SolutlOTJs  ICSA  ond  ICSAB.  The  ICSA  solution 
contains  minerals  at  high  coix:entrations.  The  ICSAB  contains  the  some  minerals  as  the 
ICSA  at  the  some  concentrations,  and  also  twelve  elements  at  moderate  levels. 

2 1 1  CRI:  A  solution  to  check  the  results  of  concentrations  near  the  detection  limit  for 
several  analytes. 

212  SD:  Standard  Deviation 

213  RSD:  Relative  Percent  Standard  Deviation.  The  SD  divided  by  the  mean, 
mcdtipiied  by  100. 

214  RPD:  Relative  Percent  Difference.  The  absolute  difference  between  two 
numbers,  divided  by  the  average  of  the  two  numbers,  multiplied  by  100. 

215  %R:  Percent  Spike  Recovery.  The  difference  between  the  matrix  spike 
concentration  and  the  original  sample  concentration  divided  by  the  concentration  of 
the  spike  added  multiplied  by  100. 

216  Dl  water;  de-ionized  woter 

217  lEC:  Inter-element  correction  factor 
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34)  Equipment 

3.1  Instrument 

The  Thermo- Jarrell  Ash  ICAP61.  a  simultaneous  34  channel  inductively  coupled  argon 
plasma  optical  emmision  si^ectrometer.  is  equipped  with  an  IBM  PS2  computer  loaded 
with  Thermospec  ICP  software,  a  300  sample  and  18  standard  capacity  autosampler,  a 
Tylon  rTK3ss  flow  controller  and  a  Rainin  peristaltic  pump.  The  TJA  ICAP61  consists  of  a 
0.75  meter  polychromotor,  an  RF  generator,  an  Inductively  coupled  argon  plasma 
excitation  source,  and  a  data  aquisition  system. 

3.2  Argon  Supply 

Argon  Is  supplied  from  "d  liquid  argon  dewar  of  high  purity  (99.997%  pure).  Reserve 
compressed  argon  tanks  of  the  same  purity  ore  in-line  to  substitute  during  liquid  argon 
dewar  changes. 

3.3  Consumables 

At  least  two  of  each  type  of  ICP  glassware  ore  kept  in  the  lab  to  minimize  downtime  in 
cose  of  ICP  glassware  breakage.  Two  of  the  ICP  torch  bodies  hove  two  to  four  spore 
quartz  tips  since  the  build-up  of  deposits  on  the  tips  requires  semi-monthly  replacement. 
A  spare  cross  flow  nebulizer,  spray  chamber,  and  torch  bonnet  are  stored  in  the  kab. 
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Lab  consumables  Include  13  X  100  mm  sample  tubes,  kimwipes,  pipet  tips,  plastic 
beakers  Gelman  1C  syringe  filters,  polyethylene  syringes.  50  ml  polyethylene  centrifuge 
tubes,  blue-yellow  peristaltic  pump  tubing,  tubirtg/tubing  connectors  and  autosampler 
probes. 

3.4  Reagents 

-  Fisher  trace  grade  concentre  .id 

-  Rsher  trace  grade  concentroteu  nyorochlorlc  acid 

-  De-iontzed  water  produced  by  the  Technic/Bamstead  system 

3.5  Labware 

-  gloss  volumetric  flasks,  class  A 

-  gloss  volumetric  pipets.  class  A 

-  polypropylene  vdumetric  flasks,  class  B 

-  Rainin  Rpetman  Pipets: 

Two  each  of  P-20.  P-1000,  and  P-5000 
Or>e  each  of  P-100.  P-200.arKl  P-10  ml 

3.6  Oe-ionized  Water  system 

The  Technic/Bamstead  de-lonized  water  system  consists  of  two  de-ionizing  cartridges 
and  two  particulate  pre-filters.  Weekly  monitoring  of  the  de-ionized  water  quality  is 
performed  on  the  ICP. 

4.0  DocumentaWon 

The  following  logbooks  and  files  are  set-up  to  document  oil  actions  and  procedures 
reloted  to  ICP  operation.  For  doily  analysis  runs,  the  ICP  sample  logbook  should  be  used 
os  a  run  sequence  log.  for  sample  specific  rK>tes.  for  QC  limit  notes  and  for  any  notes 
pertaining  to  the  run.  For  periodic  checks  of  Instrument  performance,  the  ICP  instrument 
logbook  should  be  used.  The  ICP  maintenance  logbook  is  used  for  all  maintenance 
procedures  except  the  daily  set-up  cleanhg.  The  daily  standardization  summary  table 
is  filed  in  the  standardization  summary  file.  The  torch  position  optimization  file  contains 
all  the  row  data  and  related  graphs  from  the  torch  position  optimization  process.  The 
inter-element  corrections  and  linear  ranges  file  contains  all  the  raw  data  and 
calculations  related  to  their  determiixitions.  The  instrument  detection  limits  file  contains 
the  calculations  for  IDL  determinations.  The  Inorganic  Ventures  standards  certificates 
notebook  contains  all  the  certificates  for  the  Inorganic  Ventures  stock  standards.  The 
ICP  methods  file  contains  all  method  updates. 
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5.0  InhouM  MocMccriions  to  Roforoncod  Molhod 


5.1  EPA  SW-846  Method  6010A. 

5.1.1  Section  5.6.  States  that  the  Instrument  check  standard,  which  is  referred  to  as  the 
ICP  CV.  should  be  *at  concentrations  equivalent  to  the  midpoint  of  their  respective 
calibration  curves.*  API's  instrument  check  standard  or  CV  (see  table  2)  is  at 
concentrations  several  hundred  times  the  IDLs  for  accurate  quantitation  arKt  for 
minimizing  carry-over  effects.  Most  of  these  concentrations  are  below  the 
standardization  standards'  concentrations  (see  tables  1  artd  2). 

5. 1 .2  Section  7. 1 .  States  that  water  samples  which  have  been  prefiitered  and  acidified 
will  not  need  acid  digestion  os  long  os  the  samples  and  storxiards  are  matrix  matched. 
API  does  not  matrix  match  undigested  water  samples  for  ICP;  they  are  preserved  with 
0.5%  nitric  acid. 

5.1.3  Section  7.3.  Pecomends  calibration  according  to  the  instrument  manufoctuer's 
recommmended  procedures  using  a  blank  arxj  three  staixtards.  As  recommerKled  by 
TJA.  API  standardizes  the  ICP  at  the  beginning  of  each  analysis  run  and  os  rteeded 
during  the  run.  Standardization  consists  of  a  blank  and  one  standard  level  for  each 
analyte.  Four  multiple  element  standardization  statxjards  are  used  based  on  chemical 
and  spectral  compatibility  (see  table  1). 

5. 1 .4  Section  7.4.  States  that  the  highest  mixed  calibration  standard  should  be  run  as  if  it 
were  a  sample  at  the  beginning  of  the  sample  run  and  that  it  should  read  within  5%  of  its 
true  vakjes.  API  runs  an  instrument  check  standard,  called  the  ICV  (see  table  2).  after 
standardization.  The  ICV  should  read  within  10%  of  true  values  for  each  requested 
element,  although  typically  the  values  are  within  5%  of  true  values. 

5. 1 .5  Section  7.5.  Pecomme^^ds  flushing  the  system  with  the  calibration  blank  solution. 
API  uses  a  rinse  solution  of  6%  nitric  acid  and  6%  hydrochloric  acid. 

5.1.6  Section  8.5.  Pecommends  that  whenever  a  new  or  unusual  sample  matrix  is 
encountered,  a  serial  dilution  and  post  digestion  sF>ike  should  be  performed.  A  serial 
dilution  and  a  post  digestion  spike  of  a  new  or  unusual  sample  matrix  is  not  always 
performed. 

5.1.7  Section  8.6.2.  States  that  the  laboratory  should  verifiy  the  inter-element  arni 
bockgrourxj  correction  factors  at  the  beginning  and  end  of  an  analytical  run  or  twice 
during  every  8  hour  work  shift,  whichever  is  more  frequent.  API  runs  the  interference 
check  samf^s  (ICSA  and  IC^AB)  during  specific  runs,  after  every  torch  change  and 
after  lEC  changes. 
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This  section  will  describe  the  ICP  technique,  the  required  steps  for  doily  operation,  the 
procedures  for  periodic  checks  of  ICP  performance,  such  os  linear  limit  checks.  lEC 
checks.  lOL  determinations,  and  finally  maintenence  procedures,  such  as  torch 
replacement  and  autosampler  cleaning. 

6.1  Method  Description 

Inductively  coipled  argon  plasma  spectrometry  is  an  analytical  technique  based  on 
the  measuremertt  of  atomic  emission  of  trace  elements  by  optical  spectrometry.  By 
employing  a  high  energy  excitation  source,  a  radio-frequency  inductively  coupled 
argon  plasma,  efficient  atomization  (arKt  ionization)  is  achieved.  A  peristaltic  pump 
evens  the  flow  of  sample  to  the  nebulizer,  which  forms  an  aerosol  that  is  transported  to 
the  plasma  torch  where  desolvotion  and  excitation  occur.  Characteristic  atomic-lir>e 
spectra  are  produced  by  this  process.  The  spectra  enters  the  spectrometer  through  an 
entrance  slit,  then  is  dispersed  by  a  diffraction  grating  into  separate  lines  to  each 
element's  entrance  slit  and  photomuitipler  tube  (PMT)  detector.  These  PMTs.  except 
for  potassium  which  is  on  its  own  mount,  are  arranged  along  a  thermally  stable  0.75 
meter  arc.  called  the  Rowland  circle.  This  arrangement  of  separate  detectors  allows 
for  the  simultaneous  reading  of  the  26  to  31  elements.  The  signal  from  each  detector  is 
measured  by  each  channel  card,  then  Is  processed  by  the  computer.  Backgrouryj 
correction  and  Inter-element  carrectlon  ftactors  are  applied  for  each  analytical  line 
before  the  reading  for  each  element  Is  displayed.  The  complexity  of  the  emission 
spectra  aruj  backgrourKi  requires  extensive  characterization  research.  The  wide 
dynamic  range  of  the  ICP  technique  oBows  for  the  measurement  of  concentrations 
ranging  from  1  ppb  to  hundreds  or  thousands  ppm. 

6.2  Dally  ICP  Set-up 

6.2.1  Preparing  the  uptake  system  and  the  torch. 

6.2. 1 . 1  Rfst  check  that  the  argon  dewar  is  at  least  1  /8  full  (see  the  float  gauge  on  top  of 
the  dewar).  the  autosampler  rinse  bottle  Is  at  least  half  full,  artd  the  waste  carboy  is  lower 
than  2  inches  below  the  shoulder  of  the  carboy.  Turn  on  the  cooling  water  at  the 
manifold  on  the  south  west  comer  of  the  metals  Iratrument  lab  and  turn  on  the  argon 
supply  toggle  valve  at  the  bock  right  side  of  the  ICP.  The  blue  RF  power  bdHon  should 
light  when  both  cooling  water  and  argon  supplies  are  on. 

6.2. 1.2  Push  the  red  RF  power  button.  Turn  on  the  computer  printer,  the  computer 
rrxxiitor.  arxi  then  the  computer.  The  computer  will  start-up  with  dote  otkI  time  prompts, 
then  the  TJA  ThermoSpec  software  will  start. 

6.2. 1 .3  Place  each  F)erlstaltlc  pump  tubkig  line  in  the  guides  of  the  pump  beds.  The  top 
one  is  the  sample  Rne  and  the  bottom  one  is  the  rinse  solution  line.  Clomp  the  tubings  in 
place  with  the  tensioned  pump  bed  clamps. 
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6.2. 1 .4  Prepare  the  autosarr^pler  by  raising  the  probe  in  its  holder,  so  that  the  bottom  of 
the  probe  is  rtear  the  top  of  the  probe  holder,  then  turn  on  the  autosampler  usir^)  the 
power  switch  on  bottom  of  the  bock  panel.  Place  a  13  X  100  mm  polystyrer^e  sample 
tube  filled  with  0.6%  TritorvX  solution  in  position  1  of  the  left  rear  sample  rack  (rack 
number  2). 

6.2. 1.5  From  the  ThermoSpec  main  menu,  choose  Operation  /  Analysis  /  type  (method 
name)/  at  the  'command*  prompt  (command  line),  type  lA  (to  initialize  autosampler)  / 
type  SRT70SRN2MA1/  <enter>.  The  method  name  will  depend  on  the  elements 
required  or  not  required.  Typically  method  ICP30X  (X  takes  the  place  of  the  letter  of  the 
revision,  the  latest  revision  will  have  the  later  alphabet  letter)  is  used;  it  includes  att  the 
elements  except  lltNum.  Method  ICP31X  would  be  used  If  lithium  is  requested.  Method 
MICROS  (#  takes  the  place  of  the  number  of  the  revision,  the  latest  revision  wll  hove  the 
highest  number)  would  be  used  if  total  digestotes  were  dnalyzed;  this  method  does  not 
read  boron  and  silicon  sir^e  they  ore  at  high  levels  due  to  the  digestion  matrix. 

6.2. 1 .6  To  open  the  orgon  volves,  turn  up  toggle  switches  1  artd  2  on  the  Tylon  mass  flow 
controller  (located  on  top  of  the  ICP)  and  turn  up  all  three  toggle  switches  on  the  right 
front  argon  panel. 

6.2. 1 .7  Manually  position  the  probe  down  to  the  bottom  of  the  0.5%  Triton-X  tube,  then 
raise  it  5  mm.  Turn  the  peristaltic  pump  toggle  on  switch  to  the  left  to  begin  ospirating  this 
solution.  Daily  adjustment  of  the  pump  bed  tension  or  pump  speed  is  not  usually 
required  except  immediately  after  the  weekly  pump  tubing  replacement.  The  usual 
uptcrire  rote  is  1 .6  to  1 .8  ml/min.  To  adjust  the  pump  bed  tension  after  new  pump  tubing  is 
attached,  use  the  adjustment  screw  on  the  pump  bed  clamp.  Loosen  the  adjustment 
screw  until  an  air  gap  does  not  proceed  through  the  tubing,  then  tighten  the  adjustment 
screw  until  flow  begins.  Typiccily  o  half  turn  tighter  of  the  adjustment  screw  beyond  this 
point  is  scrificient  for  a  stable  setting  (look  for  a  smooth  flow  rote).  Aspirate  0.5%  Trttorr-X 
for  5  minutes. 

6.2. 1 .8  At  the  command  line,  type  SRT95SRN 1MA1 1  to  pTioce  the  autosampXer  probe  in  a 
Di  water  vial  at  position  1 1  of  the  standards/QC  rock  (the  L-shaped  rack).  Aspirate  for  D1 
water  for  5  minutes. 

6.2. 1 .9  During  the  de-lonized  water  aspiration,  clean  all  upjtake  lines’  connectors  using  a 
fine  tip  deionized  water  bottle  and  cleon  the  nebulizer  intake  capillary  using  the  cleaning 
wire  (checkkig  for  clogs). 

6.2.1.10  Turn  off  the  peristaftic  pump,  then  purge  the  torch  with  argon  for  5  mirrutes  by 
setting  the  auxiliary  flow  on  at  3.0  L/min  (use  the  auxiliary  flow  knob  on  the  right  front 
panel). 

6.2.2  Lighting  the  torch 

6.2.2. 1  Turn  off  the  sample  argon  by  toggling  switch  1  down  on  the  mass  flow  controller. 
Turn  down  the  auxilldry  drgon  flow  to  between  0.8  to  0.9  L/min.  Check  that  the  automatic 
power  control  switch  is  set  to  manual  and  the  load  control  tuning  switch  is  set  to 
autonratic. 
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6.2.2.2  Increase  the  ‘po^er*  knob  (RF  Fx>wer)  until  reflected  power  meter  reads  obocrt  50 
watts.  Tap  the  ignitor  button  ortce  per  secortd  while  tuning  the  power  knob  up.  Observe 
the  torch  through  the  round  front  viewing  window.  As  the  forward  power  Is  increased  the 
plasma  first  appears  os  a  faint  filamentary  swirling.  As  soon  os  the  plasma  'Ights.*  which 
appears  os  a  self  sustaining  'flame*  (usually  accompanied  by  a  whirrirtg  sound  of  the 
tuner  mechanism),  stop  turr^  the  power  knob,  turn  the  outooKStic  p>ov^  control  switch 
to  automatic,  turn  the  'power*  krx}b  fully  clockwise,  and  turn  the  samp>le  argon  switch  on 
(switch  1  up  on  the  mass  flow  controller).  As  soon  os  the  sample  argon  reaches  the 
specified  flow  (see  the  label  on  the  moss  flow  controller,  typically  about  0.62  to  0.65 
L/mln).  turn  down  the  ouxillary  argon  toggle  (on  the  right  front  paryeO  and  turn  on  the 
F^eristaitic  pump. 

6.2.2.3  At  the  command  line,  type  RA  (to  aspirate  rinse  solution).  The  rinse  station 
contains  a  6%  nitric  acid  and  6%  hydrochloric  acid  solution.  The  reflected  power  meter 
should  read  less  than  50  watts,  typically  it  is  less  than  10  watts. 

6.2.2.4  Observe  the  plasma  periodically  durirtg  the  first  5  minutes.  The  plasma  position 
should  be  above  the  inner  coricentric  about  1  to  2  mm  and  the  torch  glass  should  not  be 
glowing  orange  or  red.  If  any  orange  or  red  glowing  is  observed,  turn  off  the  torch 
immediately,  by  opening  the  front  access  door.  Check  the  argon  flows  and  the  torch 
position  before  relighting  the  torch. 


6.2.2.5  During  the  warm-up  period,  stronger  acid  rinse  solutions  can  be  aspirated  to 
clean  the  uptake  system,  the  nebulizer  and  the  spray  chamber.  Warm-up  the 
iTTstrument  for  30  to  45  minutes.  The  warm-up  is  adequate  when  the  forward  power  meter 
reads  1.10  kilowatts. 


6.2.3  Profiling  the  optics 

For  optimum  performance  of  the  ICP.  each  spectral  line  must  be  centered  on  Its  exit  silt 
which  is  positioned  before  its  photomultiplier  tube.  This  optics  profiling  procedure  is 
acheived  by  adjusting  the  entrance  slit  refractor  plate  using  its  micrometer.  The  built-in 
mercwy  lamp  is  usually  used  for  profiBng.  although  ony  channel  can  be  used  for  profiling 
using  an  appropriate  single  element  stondord. 

6.2.3. 1  Place  the  mercury  lamp  in  front  of  the  entrance  sHt.  To  start  a  mercury  automatic 
profile.'  F5  (profile)  /  F3  (outomotlc  profile)  /  FI  (run  profile). 

6.2.3.2  After  the  instrument  reads  the  mercury  emission,  a  peak  is  displayed.  The  peak 
position  should  be  close  to  zero.  A  shift  of  greoter  than  0.5  (positive  or  negative)  moves 
the  spectrum  shifter  refractor  plate  to  compensate,  vrhich  is  an  undesirable  analytical 
condition. 


6.2.3.3  To  adjust  the  peak  position,  move  the  micrometer  1  unit  for  each  0.05  of  peak 
position  measurement  (eg.  for  a  peak  position  of  0.25.  dial  the  micrometer  5  ur\its  down). 
After  this  micrometer  adjustment,  run  another  automatic  profile  to  check  the  setting.  It 
should  be  from  -0.1  to  +0.1  (this  is  adequate  as  the  noise  of  the  peak  position 
measurement  is  0.05  to  0. 1 ). 
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6  2.3.4  When  the  profiling  process  is  complete,  remove  the  mercury  lamp  from  the  light 
path.  Press  ESC  to  return  to  the  analysis  mode. 

6.3  Standardization 

Stondarcfizotion  is  the  process  of  estabVshing  a  ilr^r  relationship  bet\Areen  Intensity  and 
concet^ration  by  analyzlr\g  a  blank  orKj  o  sirtgle  standard.  For  most  envirortmentai  ICP 
applications,  standardization  is  sufficient  to  establish  this  correlation  os  the  ICP 
technique  has  been  established  to  be  iir^ar  over  several  orders  of  magnitude. 
Colibrotion  with  three  or  more  standards  levels  of  each  orKilyte  is  used  for  ^3plcatior«  In 
which  a  wider  dynamic  range  is  required  and  curvature  of  the  calibration  curve  is 
expected. 

6.3.1  Working  Standards  Preparation. 

The  working  standards  are  diluted  to  woridng  levels  (see  table  1  for  the  elements  and  the 
concentrations  of  each  working  starvjord)  on  the  first  day  of  the  work  week.  Four 
muttipie  element  storKlards  are  prepared  using  the  ICP  blar^  solution  as  a  diluent.  The 
ICP  blank  solution  is  5%  concentrated  hydrochloric  acid  and  1%  cortcentroted  nitric 
acid.  For  total  digestion  arxsiysis,  storKlards  are  iTKitrix  matched  to  the  total  digestote 
matrix.  The  multiple  element  stocks  are  prepared  based  on  chemical  stablHty  and  on 
spectral  compatibility.  They  ore  prepared  from  Inorganic  Ventures  ICP  grade  (at  least 
99.9  %  purity,  ideally  99.999  %  purity)  tingle  element  10.(XX)  irrg/L  stocks.  Class  A  glass 
volumetric  flasks  and  gloss  volumetric  pipets  are  used  for  diluting  1(XX)  mg/L  stocks  from 
thelO.(XX)  mg/L  stocks.  Polypropylene  volumetric  flasks  are  used  for  the  working 
standards  preparation.  For  standards  2. 3  arxj  4  use  2.0  ml  of  the  appropriate  stock  in  100 
ml  volume.  For  standard  5  use  4.0  ml  of  stock  ki  100  ml  volume. 

6.3.2  Standardization  analysis 

6.3.2. 1  At  the  command  line,  type  SRT95SRN1MA5  to  place  autosampler  probe  In  the  ICP 
blank  vial  at  position  5  of  the  standords/QC  rock  (the  L*shaped  rack).  Aspirate  the  ICP 
blank  for  2  minutes,  then  start  the  blank  analysis:  F3  (starKlardization)/  highlight  STD1- 
BLANK  /  FI  (run).  If  the  intensities  of  the  blank  are  acceptable  (see  previous  ICP 
standardizations),  continue  standardization. 

6.3.2.2  Place  STEM  in  position  1 .  STDS  in  posirion  2 .  STD2  in  position  3.  and  STD3  in  position  4 
of  the  stondards/QC  rock.  Continue  the  startdardization  using  the  autosdmpier:  F9 
(autosampler)  /  type  STDIZE  /FI  (run). 

6.3.2.3  After  the  standards  have  run.  aspirate  a  strong  acid  rirue  solution  (10% 
concentrated  nitric  acid  and  10%  corKentroted  hydrocNoric  acid)  for  10  to  16  minutes. 
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6.3.2.4  Mnt  a  standordizotion  summary:  F3  (storidordizahon)  /  F9  (done)  /  F2  (piirt)  /  F9 
(done).  Compare  the  slope  for  eoch  element  to  previous  ones  in  the  storxlardbation 
file.  The  slopes  should  be  within  10  %  of  previous  values,  although  this  may  be  greater 
otter  a  torch  replacement.  The  performance  of  the  QC  solutions  will  dictate  the  slope 
acceptarH:e  limits.  Watch  for  lortg  term  gradual  slope  changes  as  these  tTKjy  be 
indicative  of  impending  instrument  failure.  File  the  printed  summary  in  the 
stondarcttzation  summary  file.  Keep  the  standardization  raw  data  with  the  sornples  row 
data. 


6.4  Samples  Analysis 

6.4.1  Samples  Selection  and  Preparation. 

To  select  samples  for  a  doily  orKilysis  run.  refer  to  both  the  ICP  worldtet  orKj  the  rTK3(^>etic 
Job  togs  on  the  ICP  samples  scheduling  calendar.  Priorilze  samples  by  due  date  otkI 
other  consideraitions  such  os  elements  requested,  digestion  matrix.  CLP.  etc.  A  typical 
analytical  run  will  be  started  with  water  samples  and  leachates,  then  soil  samples; 
queued  from  low  levels  to  high  levels  to  provide  some  predictability  for  settir^  the  rinse 
times.  Typically  a  group  of  twenty  somplM  Is  set-up  at  a  time. 

6.4. 1 . 1  Arrorxje  each  group  of  10  samples  beginr^ng  with  suspected  low  level  samples 
such  os  method  blanks  ortd  ending  with  higher  level  samples  such  as  matrix  spikes.  A 
digestion  QC  group  wll  typicaly  be  run  in  the  foHowing  order  to  facilitate  occeptence 
limit  checking:  matrix  duplicate,  bockgrouryj  sample,  matrix  spike,  artd  referertce  (if 
requested). 

6.4. 1 .2  Label  20  -  1 3  X100  mm  poiystryrerw  test  tubes  with  the  sample  ID  in  the  order  in 
which  they  wll  be  run.  Pre-rinse  the  test  tubes  with  10  %  nitric  acid,  then  with  deionized 
water. 

6.4. 1.3  Transfer  each  sample  by  pipet  into  a  pre-rinsed  test  tube  taking  care  to  avoid 
transferring  particulates.  FHtration  of  digestates  is  required  when  susper^ded  particulates 
are  present  with  flotation  characteristics  that  ore  not  responsive  to  centrifugation.  Often 
these  particulates  ore  a  light  color  that  is  clfflcult  to  see  against  the  white  sample  bottle; 
viewirrg  the  sample  In  its  bottie  on  the  block  countertop  often  witt  improve  particulate 
spottirtg.  Since  the  uptake  system  Is  susceptable  to  clogging  in  the  tubing  connectors 
or  in  the  intake  capilary  to  the  nebulizer,  core  should  be  taken  to  notice  which  samples 
require  filtration.  Centrifugation  of  digestates  is  required  when  uniformly  opaque 
digestates  are  encountered;  an  example  of  this  would  be  a  silty  soil  whidh  must  be 
analyzed  soon  after  digestion  (usually  fine  particulates  will  settle  overnight).  To 
centrifuge,  pour  about  30  ml  of  each  sample  Into  a  centrifuge  tube,  and  centrifuge  at 
2000to  2S00  rpm  for  5  minutes. 

6.4. 1 .4  Samples  requiring  dilution,  le.  samples  with  elemenKs)  above  llnecx  range  or  vrith 
high  levels  that  are  Hkely  to  hove  carry-over  effects,  can  often  be  anticipated  by  the 
appearance  of  the  sample.  Also,  o  review  of  the  Job  Hst  can  indicate  clients'  projects 
with  histories  of  high  level  samples.  Soil  digestates  with  a  dork  yellow,  green  or  orange 
color  can  be  Ngh  ki  Iron,  aluminum,  copper,  chromium,  etc.;  these  samples  are 
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typically  first  run  at  a  1/5  or  greater  dilution.  TCLP  leachates  prepared  with  extraction 
fluid  #2  are  often  high  in  colcium  arxj  typicaly  require  a  1/5  or  greater  diution.  Water 
digestotes  ore  often  less  predictable:  color  is  often  an  indicator  of  potential  high 
aixslyte  levels,  although  sorrte  industrial  dyes  or  paints  ore  colored  but  ore  detected  at 
relatively  low  levels.  Also,  viscosity  during  the  pipet  transfer  from  the  sample  bottle  to 
the  sample  tube  con  be  on  irKticotor  of  high  salts. 

6.4. 1.5  Developing  and  fixirtg  solutions  for  fNm  or  X-rays  are  a  special  cose:  these 
sdutlortt  ore  diluted  Immediately  before  arxslysls  in  de-lonized  water  only  (typically 
stortirtg  at  1/1X)  ortd  the  uptake  system  is  pre-fiushed  for  5  minutes  with  10%  nitric  acid 
followed  by  a  5  minute  de-lonized  water  flush. 

6.4. 1 .6  Instrument  or  Analytical  Spiking.  TCLP  leachates,  undigested  water  samples  and 
digestotes  requirlrtg  post-digestion  spiking  are  spiked  at  the  instrument  before  the 
sample  is  analyzed.  For  TCLP  leachates  orKf  undigested  water  sompies.  a  10  ml  oHquot 
of  sample  is  plotted  into  a  tube  and  0.1  ml  of  the  appropriate  spiking  solution  is  added: 
the  TCLP  spike  solution  for  TCLP  extracts  artd  the  ICP  Routine  spike  solution  for  waters.  For 
post-digestion  spikes,  the  amount  of  spike  solution  added  is  calculated  based  on  the 
background  level  of  analyte- 

6.4.2  Autosampier  table  preparation. 

After  starKjardization.  the  sample  autosampier  table  is  prepared. 

6.4.2. 1  From  the  ThermoSpec  main  menu,  choose  Operation  /  Autosampier  set-up  / 
type  (table  name)  /  F3  (add  a  new  set).  The  table  name  format  is  table 
number/month/doy.  eg.  IstJANOI  is  the  1st  table  of  January  1.  For  default  operator, 
type  in  the  analyst's  Initials:  for  rinse  time  .  type  In  an  appropriate  rinse  time  (60  to  120 
seconds  based  on  suspected  sample  levels  and  torch  tip  condition).  Delete  the 
default  sample  name  and  set  auto-increment  to  NO. 

6.4.2.2  The  arxjlytlcal  run  order  of  20  samples  would  be  as  follows:  ICV.  ICB.  10  samples. 
CCV.  CCS.  10  samples.  CCV.  CC». 

6.4.2.3  Use  FI  (edit  samples)  to  start  your  first  set  of  the  autosampier  table.  To  insert 
ahead  of  the  highlighted  sample,  use  F3  Gnsert  QC)  for  adding  a  CV.  use  F7  (insert  blank) 
for  adding  a  CB  and  use  F8  (Insert  rinse)  for  adding  an  extra  rinse.  To  insert  after  the 
highlghted  sample,  use  ALT  on  F  key.  The  extra  rinse  is  used  between  the  (5V  and  CB. 
after  motrix  spkes.  and  y4ten  a  low  level  somp>ie  follows  a  higher  level  one. 

6.4.2.4  The  Edit  Sample  Info  menu.  ALT  F2,  is  useful  for  editing  the  sample  labels.  Use  F2 
os  many  times  os  needed  to  copy  a  sample  label,  then  use  the  FI  edit  mode  key  to 
toggle  on  the  edit  function  of  the  labels  or  comments.  Use  F9  to  return  to  the  table  and 
odd  the  (^s  OTKl  the  CBs.  Use  F9  twice  to  store  the  set  and  then  the  table. 

6.4.2.5  The  autosampier  rock  positions  of  the  samples  and  QC  solutions  should  be  noted 
when  the  table  is  prepared.  A  list  of  the  isositions  can  be  printed  using  F2  (print  table). 
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6.4.2.6  Check  the  rnercury  profile  as  described  in  section  6.2.3.  Start  the  outosampier  run 
after  the  standardization  is  verified  by  usirtg  F9  (autosampler)  /  type  (table  rKsme)/  FI 
run. 

6.4.3  Monitoring  the  Aixilysis  Run. 

Periodicaily  during  the  operation  of  the  iCP  check  the  argon  flows,  the  sample  uptake 
flow,  the  appearance  of  the  plasma,  the  level  of  solution  in  the  outosampi^  QC  vials 
,and  the  rinse  solution  level. 

6.4.3. 1  Monitoring  QC  samples. 

Analysis  QC  samples  such  os  the  CV  and  the  CB  (see  sectiorts  6.5. 1  orxj  6.5.2)  should  be 
monitored  closely  durk^  the  rui  to  check  for  standardization  stability  otkI  baseline  drift. 
If  the  CV  and/or  CB  are  outside  the  QC  fimits,  then  corrective  action  should  be  taken  os 
soon  os  possible  to  minimize  sample  reruns. 

6.4.3.2  Monitoring  High  Levels  and  Carry-over. 

If  high  level  samples  (above  the  linear  limit)  are  observed  during  the  run,  the 
outosampier  can  be  paused  and  the  high  level  sctfnple  diluted  artd  rerun  (see  table  6  for 
the  linear  limits).  The  ICP  system  software  checks  automoticaliy  for  results  greater  than 
the  current  linear  range  arKi  will  flog  the  data  with  an  ‘H.'  C^ften  a  sirtgle  high  level 
sample  wil  Indicate  that  dilution  is  required  for  the  entire  job.  Saturated  photomultiplier 
tube  response  is  indicated  os  either  a  *s*  or ‘S*  before  the  mean  concentration  (the 
degree  of  saturation  is  indicated  by  the  size  of  the  's'  or  'S').  If  saturation  happens,  the 
outosampier  run  should  be  paused  for  at  least  10  minutes  to  allow  the  photomultipiier 
tube  to  return  to  normal.  If  high  levels  are  observed,  copper  and  zinc  are  especiofly 
prone  to  carry-over.  Carry-over  can  often  be  minimized  by  pausing  the  outosampier 
after  the  Ngh  level  sample  and  rinsing  as  needed. 

6.5  ICP  QC  checks 

6.5.1  Calibration  Verification  solution. 

The  calibration  verification  (CV)  solution  is  a  custom  secorKi  source  multiple  element 
solution  from  lrx>rganlc  Ventures  (certified  second  source  from  the  manufacturer)  which 
is  ancriyzed  to  verify  starxiardization  stobiiity.  There  are  two  CV  stock  solutions  (two  are 
required  due  to  chemical  compatibflity)  which  are  diluted  to  working  levels  os  rteeded 
(typicalty  monthly).  The  levels  for  the  CV  solution  were  chosen  at  several  hurxjred  times 
the  IDLs  for  quantitation  arxl  for  minimizing  carry-over  effects.  The  some  solution  is  used 
for  both  the  initial  calibration  verification  OCV),  run  immediately  after  standardization, 
and  for  the  continuing  calibration  verification  (CCV),  run  after  every  group  of  10  samples. 
The  CV  is  run  at  least  every  10  samples.  QC  limits  for  the  CV  are  90%  to  1 10%  of  true 
values  for  each  requested  analyte.  See  table  2  for  the  concentrations  of  the  CV  solution 
elements. 

6.5.2  (^bration  Blank  Verification. 

The  coHbration  blank  (CB)  solution  is  run  at  least  every  10  samples  to  check  for  baseHrte 
drift  and  to  check  for  carry-over.  The  initial  calibration  blank  (ICB)  Is  run  Immediately 
after  the  ICV  and  the  continuing  calibration  blank  (CCB)  is  run  immediately  after  each 
CCV.  The  limits  for  the  CB  are  -2  times  the  IDL  to  +2  times  the  IDL  for  each  requested 
analyte  (see  table  6  for  IDLs). 
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6.5.3  Independent  QC  solutions. 

Independent  QC  solutions  ore  used  to  check  standardization  standords'  stabWty. 
concentrations  and  preparation.  They  are  run  os  samples  after  new  working  starKlords 
are  prepared;  the  levels  should  be  within  the  certified  ranges.  See  table  3  otkI  4  for  the 
current  independent  QC  solutions  elements  atvj  cortcentatlons. 

6.5.4  Interference  Check  Solutions. 

The  interference  check  solutions  ICSA  and  iCSAB  are  run  during  CLP  runs,  after  every 
torch  change  aruj  after  lEC  changes.  The  ICSA  solution  contairts  alumirHjm.  calcium, 
iron  aiyj  magnesium  (some  common  interferent  elements)  at  high  levels.  The  ICSAB 
corttoiru  these  Interferent  elements  at<j  12  analytes  at  moderate  levels  (see  table  5  for 
the  solutions'  elements  and  concentotlons).  Typically  the  ICSA  is  run  after  the 
ICV/ICB/CRI  group,  followed  by  the  ICSAB  and  again  at  the  end  of  the  run  after  the  CRi 
and  before  the  lost  CCV/CCB.  If  the  orKilysis  run  is  longer  than  8  hours,  then  the  CRI. 
and  ICSAB  will  be  run  before  8  hours  into  the  run.  They  are  prepared  from  multiple 
element  stocks  which  are  dilutions  of  Inorgartic  Ventures  ICP  grade  single  element  10XXX) 
mg/L  stocks.  These  solutions  check  some  of  the  spectral  interferences  that  are 
commonly  present  in  environmental  samples.  For  both  solutioru,  QC  limits  are  80%  to 
120%  of  the  true  values  for  both  interferents  and  arolytes. 

6.5.5  CRI  Solution. 

The  CRI  solution  is  run  to  check  the  detection  limits  of  some  analytes  at  low 
cofKentations.  It  is  prepared  from  a  multiple  element  stock  which  is  prepared  from 
dilutions  of  irx}rgartic  Ventures  ICP  grade  single  element  10^300  mg/L  stocks.  There  are 
rx)  acceptence  limits  set  for  this  solution,  typically  the  CRI  is  within  an  IDL  of  the  true  value 
except  for  the  elements  that  are  below  2  times  the  IDL. 

6.5.6  Digestion  /  Botch  QC  Samples 

6.5.6. 1  Method  Blanks. 

A  method  blank  (MB)  is  run  with  every  client  group  of  samp>les  or  every  sample  digestion 
group  (SDG).  The  method  blank  should  be  less  thc^  1  IDL  for  every  element.  Typically 
Zn.  Na,  Fe.  Cu.  and  Ca  are  sometimes  detected  at  levels  of  up  to  c^ut  5  times  the  IDL  if 
the  analyte  is  detected  in  the  method  blank  at  high  levels,  then  It  should  be  rerun.  If  the 
method  blank  is  still  detectable,  then  aH  the  samples  in  the  client  job  must  be  recEgested 
with  a  new  method  blank  unless  all  samples  are  greater  than  10  times  the  detected 
method  blank  concentration.  A  corrective  octlon  form  should  be  filled  6ut  by  the 
analyst  and  the  supervisor  should  be  Informed. 

6.5.6.2  Matrix  /  Digestion  Duplicate. 

A  duplicate  sample  is  digested  to  test  the  reproducibility  of  the  results.  The 
acceptance  limits  are  based  on  the  corrcentrotion  result.  If  both  origirtal  cvxl  duplicate 
sample  concentrations  are  greater  than  or  equal  to  5  times  the  IDL.  then  the  relative 
percent  difference  (RPD)  should  be  less  than  20%.  If  either  the  origlrKSl  or  duplicate 
sample  concentration  is  less  than  5  times  the  IDL.  then  the  absolute  difference  between 
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the  two  concentrations  should  be  1  lOL  or  less.  For  soil/tissue  samples,  the  sample 
concentrations  must  be  calculated  In  mg/Kg  units.  If  a  duplicate  RPD  is  outside  the 
acceptartce  Rmits.  then  a  corrective  action  form  shocdd  be  fHled  out  by  the  arxsiyst  otkI 
the  supervisor  should  be  informed. 

6.5.6.3  Matrix  /  Digestion  Spike. 

A  matrix  spike  sample  is  s^ked  before  digestion  to  detect  losses  during  digestion  artd 
matrix  eff^s  on  digestion  efficiery:y.  Usually  the  matrix  duplicate  and  the  matrix  spike 
are  performed  on  the  some  sample.  The  acceptance  limits  for  spike  recovery  <»e  75% 
to  125%.  if  the  origkKil  sompie  cortcentrotion  is  less  than  4  times  the  spike  added.  If  the 
origirtol  sample  concentration  is  greater  than  4  times  the  spike  added.  lt>en  there  is  rx) 
acceptance  criteria.  For  soil/tissue  samples,  the  sample  cory^entrotions  must  be 
calculated  in  mg/Kg  units,  including  the  s^e  added.  If  the  matrix  spike  recovery  is 
outside  the  acceptar>ce  Imtts.  then  a  corrective  action  form  should  be  fHled  out  by  the 
orKilyst.  arKj  the  supervisor  should  be  informed. 

6.5.6.4  References. 

A  reference  sample  is  a  sample  of  known  and/or  certified  analyte  concentrations, 
which  is  digested  with  a  group  of  samples  to  verify  digestion  recovery  In  the  appropriate 
matrix.  Water,  soil,  and  tissue  references  are  used.  The  recovery  acceptance  limits 
ore  80%  to  120%  for  a  water  refererx^e,  and  for  a  soil  reference  the  certified  ranges  are 
used  os  recovery  limits.  For  soil/tissue  samples,  the  reference  concentrations  must  be 
calculated  In  mg/Kg  units.  If  the  recovery  is  outside  the  acceptance  limits,  then  a 
corrective  action  form  should  be  fNled  out  by  the  analyst,  and  the  supervisor  should  be 
informed. 

6.6  Dally  Erxj  of  Arralysis  Run  Procedures 

6.6.1  ICP  Shutdown. 

6.6. 1 . 1  Rinse  the  uptake  system  with  Dl  water  for  10  minutes. 

6.6. 1 .2  Extinguish  the  plasma  by  slowly  turr^rrg  down  the  RF  'power"  Imob  down,  turn  the 
automatic  power  control  to  manual  os  power  begins  to  drop:  if  the  reflected  power 
alarm  sourxjs  push  the  reset  button.  Push  the  blue  RF  off  button.  Turn  on  the  auxiliary 
argon  toggle  and  turn  up  the  flow  to  3.0  L/min. 

6.6. 1.3  After  oUowing  10  minutes  to  cool  the  torch,  turn  off  the  peristaltic  pump.ioosen  the 
pump  bed  clamps  and  watch  the  air  space  following  the  Dl  water  move  through  the 
tubirig:  It  should  move  smoothly,  if  not  a  tubing  connector  clog  or  nebiriizer  clog  could 
be  indicated. 

6.6. 1 .4  Prepare  the  autosampler  for  a  power-down  by  moving  the  the  probe  'home:*  at 
the  command  Bne  type  MH.  Turn  off  the  autosampler  power  switch  at  the  bottom  left 
bock  panel. 

6.6. 1 .5  Turn  off  the  cooling  water.  Turn  off  the  argon  supply  at  the  bock  right  side  of  the 
ICP.  turn  off  the  mass  flow  controller  ar»d  turn  off  08  argon  toggles  on  the  front  right  pcvtel. 
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6.6.2  Datastorage 

6.6.2. 1  Place  the  appropriate  day  of  the  week  diskette  in  disc  drive  A. 

6.6.2.2  From  the  ThermoSpec  moin  mertu.  choose  Operation  /  Analysis  /  type  (method 
name)/  type  xp'command*  (to  occess  DOS). 

6.6.2.3  At  the  DOS  prompt,  type  BACK,  then  <enter>.  The  computer  will  display 
filerKynes  os  they  are  copM. 

6.6.2.4  After  this  is  complete,  at  the  DOS  prompt  type  EXIT  (to  return  to  ThermoSpec 
software).  Also,  eject  the  diskette  from  disc  drive  A. 

6.6.2.5  Turn  off  the  printer,  the  monitor  arxj  then  the  computer. 

6.7  Torch  Replacement. 

6.7.1  ICP  Glosswore  Cleaning.  Follow  the  ICP  glassware  cleaning  instructions  as 
described  in  section  6.11.1. 

6.7.2  Assembing  the  Crossware. 

6.7.2. 1  Reassemble  the  torch  body  and  tip  using  a  very  light  application  of  silicone 
grease  on  the  ground  gloss  joints,  and  then  secure  with  smal  rubber  baixjs  arourtd  the 
gloss  nibs. 

6.7.2.2  Attach  the  tesla  col  wiring  loop  to  the  top  argon  side-arm  of  the  torch,  and  attach 
the  argon  Ones  (labelled  top  and  bottom)  to  the  appropriate  side-arms  of  the  torch  after 
replacing  the  rubber  tubing  connectors  with  new  rubbtrr  tubing. 

6. 7.2.3  Check  that  the  nebulizer  is  thoroughly  dry  and  examine  the  gl^>.>s  inside  the 
nebulizer  with  a  magnifier  for  ckytty. 

6.7.2.4  Check  that  the  baffle  in  the  spray  chamber  is  2  1/4  inches  from  the  er)d  before 

carefully  attaching  the  nebulizer;  this  is  a  tight  fit  so  core  shouid  be  taken  to  ovoid 
bending  the  intake  capillary  on  the  nebulizer.  Also,  orient  the  nebulizer  label  *top‘ 
correctly.  ^ 

6.7.2.5  Using  a  very  light  application  of  siicone  grease  on  the  ground  glass  joint,  conrtect 
the  spray  chamber  to  the  torch  using  the  sprkig  domp. 

6.7.2.6  Position  the  torch  in  the  center  of  the  copper  work  coll.  Set  the  height  of  the  Inner 
concentric  at  3  to  4  mm  below  the  cdl;  adjust  the  spray  chamber  troy  height  If 
necessary.  Notice  that  the  height  wW  change  as  the  yoke  around  the  upper  torch  orxj 
as  the  spray  chamber  clamp  are  tightened. 

6.7.2.7  Obsen/e  the  torch  and  sproy  chamber  os  a  unit.  The  unit  should  be  straight  from 
the  top  of  the  torch  to  the  top  of  the  spray  chamber,  or  conversely,  the  joint  between  the 
spray  chamber  and  the  torch  body  should  not  be  bent. 
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6.7.3  Initial  fighting.  Light  the  torch  and  observe  any  unusual  effects.  If  the  torch  fighting  is 
particularly  difficult,  then  the  torch  position  may  need  adjustment.  Allow  the  usual  warm¬ 
up  of  30  to  46  minutes. 

6.7.4  Optimizing  the  torch  position. 

The  torch  position  is  critical  to  trace  metals  ICP  arolysis.  Different  torch  positions  will  be 
optimized  for  different  elements;  if  the  torch  position  is  kept  as  cortsistent  as  possible, 
then  lEC  accuracy  and  IDLs  should  remain  corwtant. 

6.7.4. 1  Profit?^  with  the  mercury  channel. 

6.7.4.2  Start  a  manual  Cd  profile  with  an  8  mg/L  cadmium  solution,  optimizing  the  signal 
on  the  meter  on  the  controller  panel  by  turning  the  horizontal  adjustment  micrometer 
(using  the  bottom  krrob)  on  the  D  mirror  mount.  The  D  mirror  micrometer  is  located  in  the 
top  right  side  of  the  torch  compartment,  accessed  through  the  right  side  door.  To 
minimize  retinal  exposure  to  UV,  use  UV  protective  eyeglasses  and  use  the  offset  dental 
mirror  to  read  the  micrometer 

6. 7.4.3  To  optimize  the  verticle  position,  review  the  last  torch  change  to  find  the  range  of 
micrometer  settings  that  should  be  measured  for  cadmium  S/N  (if  a  different  torch  body 
is  used,  then  a  wider  range  of  settings  could  be  measured).  Set  the  verticle  acljustment 
micrometer  (using  the  top  knob)  to  the  lowest  micrometer  setting  required  by  turning 
down  to  at  least  20  units  below  the  setting,  then  back  up  to  the  required  setting  in  one 
movement.  Using  the  COVERT  method,  take  a  measurement  of  the  8  mg/L  cadmium 
solution  at  each  micrometer  setting. 

6.7.4.4  For  the  next  required  setting,  dial  directly  up  to  the  setting;  avoid  dialing  up  and 
down  in  short  increments  os  poor  micrometer  accuracy  will  result.  Take  a  cadmium 
reading  at  each  setting. 

6. 7.4.5  Rinse  for  10  minutes.  Aspirote  blank  solution  and  take  the  same  measurements, 
as  with  cadmium,  starting  at  the  lowest  micrometer  setting. 

6.7.4.6  Calculate  S/N  for  each  micrometer  setting,  the  8  mg/L  cadmium  Intensity 
divided  by  the  blank  intensity,  then  plot  the  verticle  micrometer  setting  vs  the  S/N  for 
each  setting.  From  this  graph,  find  the  peak  to  determine  the  optimum  verticle 
micrometer  setting. 

6.7.4.7  Set  the  micrometer  to  this  optimum  setting.  Fill  out  the  ICP  Instrument  logbook  with 
the  optimization  data.  File  the  row  data  and  graph  in  the  torch  position  optimization  file. 

6. 7.4.8  Run  a  standardization.  Compare  the  slope  for  each  element  to  previous  ones  in 
the  standardization  file;  especially  the  starxJardization  prior  to  the  torch  change,  and 
also  the  standardizations  immediately  after  previous  torch  changes.  The  slopes  should 
be  within  16  %  of  previous  values.  The  performance  of  the  QC  solutions  will  dictate  the 
slope  acceptance  limits. 
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6.8  Bockground  Corroction. 

Background  correction  is  required  for  many  elements  due  to  bockground  lnterfererx:es. 
Single  element  solutior^  at  or  near  the  top  of  the  linear  range  are  scanned.  The  resulting 
intensity  vs.  wavelength  plots  display  that  background  will  vary  depending  on  the 
elements  present  or  matrix  of  the  sample.  Overlays  of  the  plots  reveal  where 
background  correction  points  can  be  set  with  minimal  interfererrce.  One  effect  other 
elements  hove  on  a  given  analyte  is  a  constant  elevation  of  the  bockground  continuum 
emission  spectrum,  it  is  virtually  impossible  to  set  a  background  correction  positionCs) 
free  from  line  interferences.  Also,  the  use  of  numerous  background  correction  positions 
must  be  limited  as  the  analysis  time  con  become  unacceptably  time  consuming.  The 
best  compromise  is  to  choose  a  backgrourrd  correction  positton(s)  that  is  optimized  for 
the  major  elements'  interferences:  aluminum,  calcium,  iron,  magnesium,  manganese 
and  sodium.  The  background  correction  posittorrs  we  use  are  +1 1.+18  and  -18  spectrum 
shifter  units.  No  background  correction  is  required  for  lithium  and  strontium. 

6.9  Inter-element  correction  factors  and  Linear  limit  verification. 

6.9. 1  Inter-element  correction  factors. 

Due  to  the  spectral  complexity  of  emission  ^ectra,  spectral  overlap  must  be  identified 
and  corrected  by  the  appropriate  factors.  These  inter-element  correction  factors  (lECs) 
are  checked  quarterly  for  each  element.  After  each  torch  change  the  lECs  are 
checked  for  the  eight  most  common  interferent  elements:  Al.  As.  Ca.  Cr.  Fe.  Mg.  Pb  and 
V.  The  extent  of  spectral  overlap  is  determined  by  analyzing  an  ICP  grade  single 
element  standard  and  identifying  appxtrent  concentrations  of  other  elements.  The 
apparent  concentrations  should  be  ot  least  positive  2  IDL  or  negative  2  lOL  to  be 
considered  significant.  ICP  grade  standards  must  be  at  least  99.9  %  purity,  ideally  99.999 
%  purity.  The  concentration  of  the  standards  for  lEC  determinations  is  at  the  linear  limit  os 
this  maximizes  the  potential  to  detect  minor  interferences.  For  some  of  ARJ's  early  lEC 
determinatians.  three  levels  of  each  element  were  analyzed  and  the  lECs  were 
determined  to  be  linear.  Provided  the  concentration  of  the  standard  is  within  5%  of  true 
value,  the  apparent  elements'  concentrations  are  divided  by  the  true  value  of  the 
standard  to  determine  the  lEC  (usually  an  EXCEL  spreadsheet  is  used  for  lEC 
calculations).  The  lEC  data  is  compared  to  previous  determinations,  to  spot  any 
discrepancies;  any  new  apparent  concentration  is  considered  a  possible  standard 
contaminant.  If  contamination  is  suspected,  first  check  the  Inorganic  Ventures  standard 
certificate  to  find  out  if  this  is  a  kr'.own  contaminant.  If  not,  reprepare  the  standard  and 
reonalyze.  If  the  possible  contaminant  is  confirmed  again,  then  dep>endihg  on  the 
magnitude  of  the  lEC.  a  new  lot  of  stock  standard  may  be  required.  The  tabulated  lEC^ 
are  loaded  into  the  current  methods  and  the  method  is  printed.The  lEC  entries  are 
verified  by  the  supervisor.  File  the  raw  data  in  the  lECs  and  linear  ranges  file,  and  the 
method  in  the  ICP  methods  file. 

6.9.2  Linear  Ranges. 

ICP  is  a  method  known  for  its  wide  dynamic  range.  Linear  ranges  were  first  determined 
when  the  ICP  was  initially  set  up  using  three  or  more  levels  for  each  element  and 
constructing  a  graph  of  true  value  vs  read  value.  The  linear  limit  was  set  at  the 
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concentration  at  which  the  curve  deviated  2  to  3%  (see  table  6).  Linear  limits  are 
verified  at  leost  quarterly,  simultaneously  with  lEC  checks,  by  analyzing  each  element  at 
the  ihieor  limit  and  verifying  that  the  concentration  at  the  linear  limit  is  linear,  within  5  %  of 
the  true  value.  File  the  row  data  In  the  lEC^  artd  lineor  ranges  file. 

6.10  Detection  Limits. 

6.10.1  Instrument  Detection  Limits. 

The  instrument  detection  limit  (IDL)  is  determined  quarterly  for  each  element  as 
descrODed  by  CLP  protocols.  A  multi-element  IDL  solution  is  prepared  ot  3  to  5  times  IDLs. 
arxj  analyzed  as  a  sample  seven  tknes  each  day  on  three  non-consecutive  days.  The 
standard  deviation  is  calculated  for  eoch  element  on  each  day.  aixi  the  sum  of  the 
three  days'  standard  deviation  is  the  IDL  In  actuality,  the  IDL  determination  for  most 
elements  is  below  our  conservatively  stated  IDLs  (see  tc^le  6  and  the  IDL  file). 

6.11  Mointerv^nce. 

All  maintenance,  except  daily  mointenarH^e.  should  be  noted  in  the  ICP  maintenance 
logbook  in  the  appropriate  section. 

6.11.1  Daily  Mointenonce. 

Clean  all  of  the  sample  uptake  lines'  connectors  and  the  nebulizer  intake  capillary  of 
clogs  (use  the  cleaning  wire  and  a  fine  tip  deionized  water  bottle).  Lightly  wipe  the 
exposed  rails  of  the  ICP  autosampler  with  a  dry  kimwipe  to  remove  dust  and  corrosion. 
Also  wipe  the  autosampler  probe  holder  with  a  damp  kimwipe  to  remove  dust. 

6.11.1  ICP  glassware  cleaning. 

The  torch  tip  Is  changed  as  needed,  typically  every  two  months.  Orange  deposits 
accumulate  on  the  tip  resulting  in  irx^reased  carry-over  effects.  Two  torch  bodies  have 
custom  matched  tips  to  minimize  the  time  required  to  replace  the  torch  and  optimize 
the  torch  position;  this  is  important  os  lECs  and  IDLs  could  be  dependent  on  a  consistent 
torch  position.  Used  torch  tips  are  sent  to  Precision  Glassblowing  of  Colorado  for  re¬ 
tipping.  In-house  cleaning  with  hydrofluoric  acid  can  be  performed,  but  the  Inherent 
damage  to  the  tip  surface  results  In  decreased  usage  betore  new  deposits  adsorb. 
The  torch  and  the  spray  chamber  ore  clearred  in  an  ultrasonic  bath  with  dilute  Cltrcnox 
followed  by  an  acid  soak  in  10%  nitric  acid  and  10%  hydrochloric  acid,  followed  by 
deionized  water  rirtsing.  The  nebulizer,  after  the  o-ring  is  removed,  is  also  cleOrted  in  the 
ultrasonic  both  with  dilute  Cltronox.  followed  by  deionized  water  rinsing.  ThorougNy  dry 
the  torch  in  a  drying  oven  and  thoroughly  dry  the  nebulizer  using  argon  and  kimwipes;  it 
is  not  necessary  to  dry  the  spray  chamber.  See  torch  replacement  section  6.7. 

6.11.2  Autosampler. 

The  autosampler  requires  daily  wiping  of  the  exposed  metal  rails;  the  slightest  amount 
of  dust  or  corrosion  can  cause  the  rails  to  bind  against  the  probe  holder.  Weekly,  the 
inside  rails  and  the  outside  rails  are  lubricated  with  a  teflon  containing  grease. 
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6.11.3  Peristaltic  Pump. 

The  blue-yellow  tubinos  of  the  peristaltic  pump  ore  replaced  at  the  same  time  os  the 
weekly  autosampler  maintenance.  Wipe  the  outer  surfaces  of  the  pump  with  water  and 
kimwipes. 

6.11.4  Air  Filters. 

When  the  torch  Is  replaced,  two  screen  fitters  on  the  high  voltage  power  si^sply  artd  oi^ 
large  air  filter  on  the  RF  power  supply  (both  on  the  bock  of  the  ICP)  are  clearted  with 
worm  water.  Air  dry  and  dry  with  paper  towels  before  replacing. 

6.11.5  Entrance  sit. 

The  entrance  slit  is  located  to  the  left  of  the  mercury  lamp  In  a  grooved  slot.  PuB  the 
entrance  slit  up  and  out  of  the  slot,  then  clean  it  with  a  strong  blast  of  argon  or 
compressed  air  along  its  entire  length. 

7.0  Review 

ICP  data  is  reviewed  by  the  analyst  periodicaBy  during  the  sample  analysis  run.  For  each 
sample,  the  row  data  printout  Is  NgNighted  with  the  cBent  requested  elements.  The  row 
data  is  reviewed  for  high  levels,  carry-over,  poor  precision,  method  blank 
contamination  and  any  anomalies.  The  QC  samples  are  reviewed  to  check  the  QC 
limits. 

7.1  Row  Data  Review 

Look  through  the  row  data  printout,  highlighting  the  requested  elements  of  every  client 
sample.  Note  on  the  row  data  any  comments  on  instrument  problems,  delays,  unusual 
occurances.  etc.  Check  for  all  the  potenticri  problems  listed  In  section  6.4.3.  EspeciaBy 
check  the  instrument  QC  checks,  matrix  duplicates  RPD.  matrix  spike  %R.  and 
reference  recoveries,  os  described  in  section  6.5. 

7.2  ICP  Sample  Logbook  Review 

XercM  the  appropriate  ICP  sample  logbook  pages  vrhich  correspond  with  the  row  data. 
Check  every  sample  label  (job  number,  sample  letter,  prepcode)  and  dilution  factor. 
Highlight  the  cBent  sample  edits,  sample  analysis  deletions,  and  dilutbn  factor  edits  so 
they  are  ix>t  missed  during  the  data  loading  process. 

7.3  QC  Samples  Review 

Check  QC  samples  os  described  in  section  6.5 

7.4  Samples  Review 
7.4.1  Precision  Oiteria 

For  elements  that  occur  in  samples  at  high  concentration  levels,  the  RSD  of  the  three  or 
four  exposures  (three  or  four  depending  upon  which  ICP  method  is  being  used)  should 
not  exceed  about  three  percent.  RSD  values  of  one  arxl  a  half  percent  or  less  ore 
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typical.  For  elements  ttxat  occur  in  samples  at  low  concentration  levels,  ixxnlnally  at  10 
times  the  IDL  and  below,  the  SD  should  not  be  much  greater  than  the  IDL  The  typical  SD 
on  low  samples  varies  with  each  element,  but  most  run  at  about  half  the  IDL 

7.4.2  Carry-over 

ExamirKstion  of  the  data  could  show  that  a  sample  containing  a  significantly  lower 
concentration  of  an  element  than  the  previous  sample  has  carry-over.  The  symptom  of 
carry-over  to  look  for  is  the  concentration  result  decreasing  throughout  the  three  or  four 
expxDSures.  The  RSD  will  sometimes  be  higher  than  normal  in  these  cases.  Samples  that 
are  affected  by  possible  carry-over  should  be  rerun. 

7.4.3  Linear  Range. 

All  acceptable  samples  results  must  be  less  than  the  specified  linear  range  for  each 
element  in  the  sample.  The  ICP  system  software  checks  automatically  for  results 
greater  than  the  current  linear  range  and  will  flag  the  data  with  an  "H*.  Samples  that 
have  analyte  concentrations  greater  than  the  linear  range  should  be  diluted  and  rerun. 

7.4.4  Inter-element  Correction  Factors. 

In  all  samples,  ft  Is  important  to  look  for  Inter-element  correction  factors  that  may  need 
slight  adjusting.  A  good  way  to  spot  potential  problems  is  to  look  for  samples  that 
contain  high  levels  of  one  element,  and  low  amounts  of  other  elements.  Any  other 
elements  that  hove  concentrations  that  are  negative  lower  than  one  IDL  could  IrxJIcate 
that  an  lEC  of  the  high  element  needs  adjustment.  This  is  especially  true  If  the  high 
element  already  has  an  lEC  on  the  affected  element  Notify  the  analyst  and  the 
supenrisor  of  the  potential  problem  so  it  can  be  checked. 

6.0  QuoMy  Control 

See  section  6.5  for  the  QC  limits  specific  to  each  QC  solution  or  QC  sample. 

9.0  Corrective  Actions 

9.1  Standardization. 

If  the  standardization  does  not  meet  the  criteria  in  section  6.3  2.4.  then  corrective  action 
should  be  taken  before  proceeding  with  re-standardization.  This  could  involve  uptake 
rote  optimization,  optics  profiling,  re-preparotion  of  standardization  standards,  etc 

9.2  QC  solutions.  ^ 

If  a  QC  solution  is  out  of  control,  then  corrective  action  should  be  taken  before 
proceeding  with  analysis.  This  could  Involve  re-preparation  of  standardization 
standards  and  re-standardizotion.  analysis  of  an  alternate  independent  QC  solution,  re¬ 
standardization  of  the  blank  (resetting  the  baseline),  etc. 

9.3  Instrument  malfur»ctions. 

When  instrument  malfunctions  occur,  consult  with  other  experienced  ICP  operators  or 
the  supervisor  for  guidance.  The  maintenatx:e  logbook  and  the  service  manual  could 
be  helpful  for  troubleshooting. 
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10.0  Mbc«aan«ous  Notes  and  Precautions 

10.1  Contamination. 

ICP  low  detection  limits  require  that  contamination  potential  be  minimized.  The  samples 
pi  aparotion  area  should  be  kept  clean  and  the  autosampler  should  be  wiped  regukviy. 
Starujards  should  be  segregated  from  samples,  blank  solution  and  QC  solutions. 
Dedicated  pipet  tips  and  beakers  should  be  clearly  identified. 

10.2  Clogs. 

The  uptake  Bnes  should  be  monitored  for  clogs,  which  may  form  from  minute  sample 
particulates  and  due  to  the  nature  of  the  open  autosampler  vials. 

10.3  Autosampler. 

The  autosampler  should  be  monitored  for  probe  misses  and  tubing  disconnections. 
The  time  that  the  torch  is  running  without  any  aerosol  should  be  minimized. 

10.4  Argon  Supply. 

DurirH}  on  argon  dewar  change  or  duririg  the  automatic  switching  from  an  orgon  dewar 
to  compressed  argon  tanks,  the  torch  may  be  extinguished.  If  this  occurs,  re-light  the 
torch  and  continue  analysis  after  a  15  minute  warm-up  period. 

11.0  Method  Referertces 

USEPA  SW-846  Method  6010A 

12.0  ApperKices 

12.1  TJ  A ICAP61  specifications 
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Appendix 

12.1  TJAICAP61  SpecMcollons 
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ICP  STAMDARDZZATZOM  STANDARDS 
ALL  CONCENTRATZONS  ZN  ng/L 


STD  2 

STOCK 

TZNAL 

STD  4 

STOCK 

FZMAL 

CONC 

CONC 

CONC 

CONC 

Ba 

500 

10.00 

Mo 

500 

10.00 

Ca 

500 

10.00 

Sb 

500 

10.00 

Cd 

500 

10.00 

Si 

500 

10.00 

Co 

500 

10.00 

Sn 

500 

10.00 

Cr 

500 

10.00 

Ti 

500 

10.00 

Cu 

500 

10.00 

Li 

500 

10.00 

Mn 

500 

10.00 

V 

500 

10.00 

STD  3 

STOCK 

FZMAL 

STD  5 

STOCK 

FZMAL 

CONC 

CONC 

CONC 

COMC 

/.g 

5 

1.00 

Fe 

2500 

100 

A1 

500 

10.00 

K 

2500 

100 

As 

500 

10.00 

Na 

2500 

100 

B 

500 

10.00 

Be 

500 

10.00 

Fe 

500 

10.00 

Mg 

500 

10.00 

Na 

500 

10.00 

Ni 

500 

10.00 

Pb 

500 

10.00 

Se 

500 

10.00 

Sr 

500 

10.00 

Tl 

500 

10.00 

Zn 

500 

10.00 

TABLE  1 


ICP  CALIBRATION  VERIFICATION  SOLUTION  (CV) 

FROM  INORGANIC  VENTURES 

1/100  DILUTION  OF  AR-A-3  AND  AR-B-3 


ELEMENT 

CONC 

ELEMENT 

CONC 

mg/L 

mg/L 

Ag 

1.00 

Mn 

1.00 

Al 

5.00 

Mo 

1.00 

As 

5.00 

Na 

5.00 

B 

1.00 

Ni 

1.00 

Ba 

1.00 

Pb 

5.00 

Be 

1.00 

Sb 

5.00 

Ca 

5.00 

Se 

5.00 

Cd 

0.50 

Si 

2.00 

Co 

1.00 

Sn 

1.00 

Cr 

0.50 

Sr 

1.00 

Cu 

0.50 

Ti 

1.00 

Fe 

2.00 

Tl 

5.00 

K 

50.00 

V 

1.00 

Li 

1.00 

Zn 

1.00 

Mg 

5.00 

TABLE  2 
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APG  TRACE  METALS  SOLUTION  7879 
ICP  QC  SOLUTION 
LOT«1 2286*1 2288 


TRUE 

95%  CONFIDENCE 

VALUE 

INTERVAL 

mg/L 

mg/L 

AO 

0.3029 

0.2623  - 

0.3381 

Al 

0.3903 

0.3036  - 

0.4495 

As 

0.2502 

0.2219  • 

0.2909 

B 

0.9896 

0.909  • 

1.042 

Ba 

2.005 

1.777- 

2.172 

Be 

0.3769 

0.3443  * 

0.409 

Cd 

0.2769 

0.2432  - 

0.3024 

Co 

0.4197 

0.3737  - 

0.4759 

Cr 

0.1617 

0.1306- 

0.1863 

Cu 

0.2425 

0.2207- 

0.2635 

Fe 

0.5047 

0.4416  - 

0.5718 

Hg 

0.00286 

0.00186  - 

0.00434 

Mn 

0.2377 

0.2118  - 

0.2608 

Mo 

0.4221 

0.3515  - 

0.4722 

Ni 

0.259 

0.2282  - 

0.2831 

Pb 

0.3122 

0.2863  - 

0.345 

Sb 

1.678 

1.574- 

2.016 

Se 

0.1145 

0.0889  - 

0.1505 

TI 

0.7094 

0.5692- 

0.7945 

V 

1.825 

1.67- 

1.947 

Zn 

0.1642 

0.1445  - 

0.1907 

TABLE  3 


SPEX  ICP  QC  SOLUTION:  ICP-1 

PREPARED  AT  1/4  DILUTION  OF  CERTIFIED  TRUE  VALUE 


As 

TRUE 

VALUE 

mg/L 

1.00 

Be 

1.00 

Ca 

1.00 

Cd 

1.00 

Co 

1.00 

Cr 

1.00 

Cu 

1.00 

Fe 

1.00 

Li 

1.00 

Mg 

1.00 

Mn 

1.00 

Mo 

1.00 

Ni 

1.00 

Pb 

1.00 

Sb 

1.00 

Se 

1.00 

Sr 

1.00 

Ti 

1.00 

Tl 

1.00 

V 

1.00 

Zn 

1.00 

SPEX  ICP  QC  SOLUTION: 

TRUE 

VALUE 

mg/L 

Ag 

0.50 

At 

1.00 

B 

1.00 

Ba 

1.00 

K 

10.00 

Na 

1.00 

Si 

5.00 

9S%  CONFIDENCE 


INTERVAL 

mg/L 


0.85- 

1.11 

0.85- 

1.13 

0.85- 

1.29 

0.84- 

1.12 

0.9- 

1.09 

0.89- 

1.11 

0.91  - 

1.07 

0.91  - 

1.1 

data  not  available 

0.87- 

1.14 

0.93- 

1.06 

0.78- 

1.17 

0.88  • 

1.09 

0.88  - 

1.1 

0.83- 

1.24 

0.8  - 

1.14 

0.85- 

1.17 

0.9- 

1.09 

0.81  - 

1.15 

0.91  - 

1.09 

0.91  - 

1.08 

ICP-2 

95%  CONFIDENCE 
INTERVAL 
mg/L 

0.44  •  0.56 

0.87-  1.1 

data  not  available 
0.89  -  1.07 

8.75-  11.1 

0.83  -  1.47 

data  not  available 


TIUILB  4 


CLP  ICP  CHECK  SOLUTIONS 

FROM  INORGANIC  VENTURES  SINGLE  ELEMENT  STOCK 


CRI:  CRDL  STANDARD 


ELEMENT 

CONC 

mg/L 

Ag 

0.02 

As 

0.02 

Be 

0.01 

Cd 

0.01 

Co 

0.1 

Cr 

0.02 

Cu 

0.05 

Mn 

0.03 

ELEMENT 

CONC 

mg/L 

Ni 

0.08 

Pb 

0.006 

Sb 

0.12 

Se 

0.01 

Tl 

0.02 

V 

0.1 

Zn 

0.04 

ICSA;  INTERFERENT  CHECK 


ELEMENT 

CONC 

mg/L 

Al 

500 

Ca 

500 

Fe 

200 

Mg 

500 

ICSAB;  INTERFERENTS  WITH  ANALYTES  CHECK 


ELEMENT 

CONC 

ELEMENT 

CONC 

mg/L 

mg/L 

Al 

500 

Ag 

1.00 

Ca 

500 

Ba 

0.50 

Fe 

200 

Be 

0.50 

Mg 

500 

Cd 

1.00 

Co 

0.50 

Cr 

0.50 

Cu 

0.50 

Mn 

0.50 

Ni 

1.00 

Pb 

1.00 

V 

0.50 

Zn 

1.00 

TABLE  5 


ICP  LINES  AND  THEIR  CHARACTERISTICS 
THERMO  JARRELL  ASH  ICAP61 


ELEMENT 

EMISSION  LINE 

IDL 

LINEAR  LIMIT 

nm 

mg/L 

mg/L 

Ag 

328.068 

0.003 

40 

Al 

308.215 

0.02 

750 

As 

197.197 

0.05 

750 

B 

249.678 

0.006 

500 

Ba 

455.495 

0.001 

300 

Be 

313.042 

0.001 

20 

Ca 

317.933 

0.01 

500 

Cd 

228.802 

0.002 

150 

Co 

228.616 

0.003 

300 

Cr 

267.716 

0.005 

500 

Cu 

324.754 

0.002 

60 

Fe 

259.94 

0.005 

Fe 

271.441 

500 

K 

766.491 

0.4 

500 

Li 

670.784 

0.004 

100 

Mg 

279.079 

0.02 

750 

Mn 

257.61 

0.001 

80 

Mo 

202.03 

0.005 

150 

Na 

588.995 

0.01 

Na 

330.298 

5000 

Ni 

231.604 

0.01 

50 

Pb 

220.353 

0.02 

500 

Sb 

206.838 

0.05 

275 

Se 

196.022 

0.05 

300 

Si 

288.158 

0.02 

100 

Sn 

189.989 

0.01 

75 

Sr 

421.552 

0.001 

100 

Ti 

334.941 

0.005 

50 

Tl 

190.864 

0.05 

250 

V 

292.402 

0.002 

30 

Zn 

213.856 

0.004 

100 

TABLE  6 


vcf  VIA 

m->ICAP  61  TECHNICAL  SPECIFICATIONS 


Optics:  0.75  HMB-  Rowland  Circle,  Paschen-Runge  mount.  1510 

or  2400  grooves/mm  ruled  grating  at  500  nn. 


1510  g/mm  grating 

2400  rn/mm  grating 

Linear  Dispersion: 

0.84  nm/mm 

0.53  nm/mm 

first  order 

0 .42  nm/mm. 

0.26  nm/mm 

second  order 

0.28  nm/mm 

third  order 

Resolution: 

.048  nm 

0.031  nm 

first  order 

.024  nm 

.016  nm,  third  order 

0.015  nm 

second  order 

Wavelength  Range: 

190-800  nm 

190-500  nm 

Air 

170-800  nm 

170-500  nm 

Vacuum 

(Special  channels  are 

available  for  K, 

Li  and  Na 

determinations  with  2400  g/mm  grating. 

) 

Dynamic  Range  (electronics):  >  8  X  10^ 


Variable  Wavelength  Channel:  0.5  meter  Ebert. 

190-900  nm. 

Internal  Standards:  Up  to  7  maximum. 

Background  Correction:  63  available  steps  on  a  computer 

controlled  scanning  refractor  plate 
covering  a  0.5  nm  range,  (1st  order). 

Source:  2.5  kw  R.F.  generator  operating  at  27.12  MHz  with 

automatic  power  control  and  automatic  tuning.  Housed  in 
spectrometer  cabinet. 

Nebulizer:  Cross-flow  pneumatic. 

Torch:  Quartz 

Argon  Consumption:  10-15  Ipm.  Constant  flow  control. 

Coolant  Water  Flow:  0.4.1pm  minimum. 

Electrical  Spectrometer:  220  volt,  single  phase,  50/60  Hz 

Requirements:  R.F.  Generator:  220  volt,  three  phase,  50/60  Hz 

Dimensions:  Spectrometer:  63.5"(161  cm)W  X  62"(158  cm)H  X 
45"(114  cm)D. 
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Controller: 

User  Interface: 

Power  requirewents: 


Microcomputer  controlled  individual  integrators 
with  multiplexed  A/D  converter. 

Thermo  Jarrell  Ash  ThermoSPEC^^  Spectrometer 
Operation  Systemt  running  on  either  an  IBM  PC-AT 
or  an  IBM  Personal  System  2  computer. 

110Vy  3 A,  50/60  Hz  single  phase 
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STANDARD  OPCRATINe  PROCEDURE 

FERROUS  IRON  (FE2«) 

METHOD:  COLORIMETRIC.  PHENANTHROUNE 

RANGE:  0.04-20  mg  Fe^-^-Zllter  (undMed) 

HOLDING  TIME:  ASAP  (<24  hours) 

PRESERVATIVE:  Collect  in  Cleon  acid  rirtsed  250ml  amber  gloss  bottles  containing  5  mL 
concentrated  HCI  (2mL/  100  mL  sample).  Avoid  atmospheric  contact  and  keep 
samples  in  dork. 


1.0.  Scope  and  AppReoHon 

Iron  In  natural  waters  may  exist  in  either  the  ferrous  (Fe2+)  or  ferric  (Fe^*)  oxidation  state. 
Well  oxygenated  surface  waters  usually  hove  Iron  in  the  ferric  state  predomirxintiy  os 
insoluble  particulate  and  colloidal  complexes  with  dissolved  iron  concentrations 
generally  <1  mg/L.  Ferrous  iron  Is  more  ty^cal  in  ground  waters  and/or  waters  which 
are  highly  reducing.  Ferrous  iron  is  rapidly  oxidized  to  ferric  iron  and  its  complexes  upon 
exposure  to  air. 

The  colorimetric  phenanthroline  method  is  specific  for  Fe^*-  Ferrous  iron  forms  an 
orange-red  cheleoted  complex  (3  molecules  phenanthroline  per  atom  of  iron)  with 
1 ,10-phenanthrolne  m  a  pH  range  of  3.0  -  3.5.  Phenanthroline  must  be  prp^'^nt  In  excess 
for  the  following  protocol.  Measured  concentrations  must  be  less  tht .  T  for  the 
corvjtttons  outlined.  Absorbance  of  the  colored  solution  is  measured  at ;  o  1cm 

cell. 


2.0.  DeflniNortt 

N/A 


3.0.  Supplec  and  Equipment 

3.1.  Glassware  v. 

Volumetric  flask  (100  mL) 

50  mL,  graduated  Fofin  tubes 
pipettors  and  tips 

Spectrophotometer  fitted  for  1  cm  cuvette. 

3.2.  Reagents 

3.2.1.  AMMONIUM  ACETATE  BUFFER  :  Dissolve  250  grams  ammonium  acetate 
(r^C2H302)  In  150  mL  Dl  water.  Add  700  mL  glodai  Acetic  Acid. 
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3.2.2.  PHENANTHROLINE  SOLUTION.  Dissolve  100  mg  1.1 0-phenonthroline  monohydrate 
(Ci2H8N2*H20)  in  100  mL  Dl.  Add  2  drops  coixentrated  HCI  and  mix  to  dissolve  (slight 
heating  if  necessary).  Store  in  amber  glass  bottle.  Discard  sdutton  if  it  darkens. 

3.2.3.  STOCK  FERROUS  IRON  STANDARD  (200  mg  /I  Fe2+).  Carefully  add  20  mL 
concentrated  H2SO4  to  50  mL  Dl  contained  in  a  1000  mL  volumetric  flask.  Add  1.404 
grams  ferrous  ammonium  sulfate  (Fe(NH4)2(S04)2  •  6H2O.  FW=  392.13,  14.24%  Fe)  and 
mix  to  dissolve.  Dilute  to  1000  mL  with  Dl  and  mix.  Store  in  tightly  capped  amber  glass 
bottle  away  from  direct  light.  Do  not  use  the  permanganate  oxidation  as  described  in 
SM  as  this  will  convert  Fe2±  to  Fe3± .  Verify  that  there  is  rx)  precipitation  in  the  standard 
bottle  before  use.  If  there  is.  you  must  prepare  a  new  stock  solution.  Intermediate  and 
calibration  verification  standards  must  be  prepared  fresh  with  each  days  use. 

3.2.3. 1 .  Intermediate  Iron  Starxlard  (10  mg  /I  Fe  2+).  Add  5  mL  stock  iron  solution  to  a  1(X) 
mL  volumetric  flask  and  dilute  to  volume.  Prepare  fresh  daily  and  store  in  a  tightly 
capped  amber  glass  bottle.  Avoid  any  unnecessary  exposure  to  the  atmosphere. 

3.2.3.2.  Calibration  verification  standard  (1  .(X)  mg/L  Fe+2).  This  is  a  standard  which  will  be 
used  to  verify  the  performance  of  the  standard  curve  for  estimating  sample 
concentrations.  The  verification  standard  should  be  prepared  from  the  Stock  Ferrous 
Iron  Standard  which  is  traceable  back  to  the  original  weight  of  ferrous  ammonium  sulfate 
used  in  it's  preparation.  Add  0.5  mL  of  the  stock  Iron  solution  to  50  mL  Dl  water  contained 
in  a  1(X)  mL  volumetric  flask,  mix  and  dilute  to  a  100  mL  volume.  Store  in  a  tightly  capped 
amber  glass  bottle  and  avoid  any  unnecessary  exposure  to  the  atmosphere.  Do  not 
use  the  Intermediate  Standard  to  prepare  the  verification  standard! 


4.0.  Documentation 

Ferrous  Iron  (Fe+2)  Benchsheet 


5.0.  In-house  Modifications  to  Referenced  Method 


N/A 

6.0.  Procedure 

6. 1 .  Arx3lyticai  sequence.  Every  botch  run  will  be  conducted  in  the  following  sequence: 
Step  1 .  Run  Standard  Curve 

Step  2.  Run  Initial  Calibration  Verification  (ICV)  standard 
Step  3.  Run  Initioi  Calibration  Blank  (O) 

Step  4.  Confirm  that  all  QC  requlremer^  are  within  acceptable  limits 

Step  5.  Process  10  analytical  samples,  including  any  duplicates,  spikes  and  dilutions 

Step  6.  Run  a  Continuing  Calibration  Verification  (CCV)  starKlord 
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Step?.  1^  a  Continuing  CoNbrotion  Blank  (CCB) 

Step  8.  Confirm  that  QC  requirements  ore  within  acceptable  limits 
Step  9.  Process  another  10  analytical  samples 
Step  10.  Repeat  CCV.  CCB  orvj  confirrrxjtlon 
Step  11.  End  each  run  with  a  CCV.  CCB 

6.2.  Prepare  a  series  of  Fe^'*'  storKlards  by  addir>g  set  volumes  of  the  working  startdard 
to  graduated  Fdfri  tubes  and  dSuthg  to  the  25  mL  mark  with  Di.  Add  20  mL  pherxmthrolne 
and  5  mL  ammonium  acetate  buffer,  mix  and  allow  5  minutes  for  color  development 
<^d  then  read  absorbance  at  510  nm  in  a  1  cm  cell.  Use  the  standard  series  os  kKlicated 
below: 


mL  Intermediate  Std 

Final  volume  (mO 

Cone.  (mg/L) 

QOO 

25 

QOO 

lliS 

25 

053 

0l25 

25 

aio 

aso 

25 

020 

TS 

25 

qS 

250 

25 

im 

5.00 

25 

205 

Process  a  calibration  blonk  and  a  calibration  verification  stondord  olong  with  the 
standard  curve. 

6.3.  Enter  the  data  for  the  standard  curve  into  the  computer  and  verify  an  value  of  at 
least  0.99  (a  comment  will  appear  outomoticaRy  regarding  the  status  of  the  r2  value). 
Verify  blank  value  less  than  lowest  point  on  curve  and  recovery  of  verification  standard 
(±  10%  of  true  value'). 

6.4.  Mix  sample  and  withdraw  25  mL  aliquots  (or  dilutions  to  25  mL).  Add  20 
phetKinthroNne  and  5  mL  buffer,  mix.  allow  five  minutes  and  read.  Record  all  data 
iricluding  sample  dilutions  (expressed  os  mL  sample/25  mL)  on  the  benchsheet.  If 
samples  are  turbid  or  colored,  take  a  separate  aiquot  or  dilution  orKi  substitute  20  mL  Di 
for  the  20  mL  ohenonthrolne  (DO  NOT  ADD  PHENANTHROUNE!!)  and  use  this  sample  as  a 
background  absorbance. 

6.5.  For  each  botch  of  samples  or  job  nurrtider.  process  at  least  1  blank.  1  duplicate  oruj 
1  spRred  sample  tor  every  20  samples  analyzed.  Spire  at  0.2  mg/I  (odd  0.5  mL  of 
intermediate  storKkxd  to  25  mL  sample  or  dilution).  Spike  recoveries  should  be  in  the 
range  of  85  to  1 15  %.  If  they  fan  outside  of  this  range,  dilute  the  sample  and  reanalyze. 
The  20  mL  of  pherKsnthroiine  is  suitable  for  approximately  50  ^g  of  iron.  Therefore,  if 
measured  concentration  exceeds  2  mg/I  you  must  dilute  the  sample  (i.e.  make  sure 
obsorberrcles  fit  within  the  range  of  the  cun/e). 
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6.6.  Record  all  data  and  notes  on  benchsheets  and  enter  data  into  computer.  Place  a 
copy  of  the  computed  data  reduction  into  every  Job  FHe  run.  The  original  is  placed  in 
chronological  sequence  in  the  Methods  file. 

7.0.  Review 

7.1.  The  supervisor  reviews  Service  Request,  enters  information  into  the  ConventkXKSis 
database  oixt  assigns  somples  to  the  analyst. 

7.2.  The  analyst  verifies  Senrice  Request,  reviews  the  SOP  and  proceeds  with  the 
analysis. 

7.3.  The  final  computer  generated  result  is  placed  into  the  method  folder  in 
chronological  sequence  and  a  copy  is  placed  into  the  job  folder. 

7.4.  The  supervisor  reviews  the  Job  folder  for  completeness  of  analysis  (all  requested 
parameters  have  been  run)  artd  sufficier>cy  of  Quality  Control. 

7.5.  Completed  arx3lysis  is  given  to  the  Data  Section  for  final  report  preparation. 

7.6.  The  final  report  is  reviewed  for  occuacy  and  completeness  and  then  signed  by  the 
Division  Manager  or  other  authorized  person. 


8j0.  QucMyConlrol 

8. 1 .  The  regression  coefficient.  r2  should  be  greater  than  0.99. 

8.2.  Initial  Calibration  Verification  (ICV)  and  Calibration  Blank  (ICB)  must  be  run  at  the 
beginning  of  each  batch.  Continuing  Calibration  Verification  standards  and  blanks 
(CCV.  CCB)  must  be  run  after  every  ten  oxslyticai  samples  in  the  botch  and  at  the  efxj  of 
each  run.  The  calibration  verification  standards  must  agree  within  ±10%  of  the  true' 
value  OTKl  the  corrcentrotion  of  the  blanks  should  be  less  than  the  detection  limit  (the 
lowest  poktt  on  the  starxlard  cunre).  Record  the  results  of  CV  and  CB  on  the  daily  run 
summary  benchsheets. 

8.3.  All  sample  absorbencies  must  fit  within  the  range  of  the  standard  cunre.  Matrix 
spike  and  duplicate  arxilyses  are  run  with  each  job  number  or  once  for>  every  20 
samples  in  a  job. 

8.3.1.  Duplicate  analysis.  If  both  the  origlrxii  and  duplicate  sample  corx:entratiorts  ore 
greater  than  5X  the  detection  limit,  the  calculated  RPD  should  be  less  than  20%.  If  either 
corK:entration  Is  less  than  5X  the  detection  limit,  then  the  absolute  difference  between 
the  two  should  be  less  than  or  equal  to  the  detection  limit.  If  these  criteria  are  not 
satisfied,  corrective  actions  must  be  token. 
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8.3.2.  Matrix  Spikes.  The  acceptorvce  limits  for  matrix  spike  recoveries  are  ±25%  If  the 
origifxil  concentration  is  less  than  4X  the  ^ke  concentration  added,  if  the  orighxii 
coixTfintratlon  is  greater  than  4X  the  added  spike  levei,  the  spike  is  invcdid  and  must  be 
repeated. 

9.0.  Corrective  Action* 

9.1.  If  r^  is  less  than  0.99.  new  calibration  startdards  must  be  prepared  and  the  coHbration 
repeated.  The  supen/isor  will  be  ruDtifled  and  no  samples  will  be  processed  if  this 
condition  is  rx)t  satisfied. 

9.2.  if  Initial  Coflbrotion  Verification  (ICV)  and  Initial  Calibration  Blank  (ICB)  are  out  of  QC 
limits,  new  calibration  standards  or  new  ICV  solution  should  be  mode.  If  the  Continuing 
Calibration  Verification  (CCV)  and  Continuir^  Calibration  Blank  (CCB)  ore  out  of  QC  Imits. 
all  samples  between  the  last  in  control  condition  and  the  out  of  control  corKtItion  must 
bere-mn.  All  samples  In  anv  batch  run  must  be  bracketed  bv  In  control  verification 
standards. 

9.3.  After  the  above  two  corrective  actions,  if  the  results  are  still  outside  the  limits,  the 
supervisor  will  review  the  entire  procedure  with  the  analyst  to  verify  that  correct 
procedures  are  being  followed  or  check  the  instrument  to  make  sure  it  is  working 
properly. 

9.4.  Any  sample  having  it's  absorbance  greater  than  the  Nghest  point  on  the  standard 
cun/e  will  be  diluted  and  rerun.  If  the  absorbonce  is  less  than  the  lowest  point  on  the 
cunre.  that  sample  wiR  be  flagged  os  being  less  than  the  lowest  standard  concentration. 
If  RPO  or  matrix  spike  recoveries  are  outside  the  prescribed  limits,  the  anolysis  will  be 
repeated  to  confirm  the  outlying  corKlition.  The  sample  analysis  wiil  be  flogged  and 
reported  In  the  final  report  to  the  client. 

9.5.  If  any  of  the  following  situations  arises,  the  supen4sor  wRI  be  Immediately  notified 
and  the  project  marKiger  be  Informed  for  resolution  with  the  client: 

Samples  have  exceeded  holding  times. 

Samples  hove  been  improperly  preserved. 

There  is  Insufficient  sample  to  run  the  analysis. 

10.0.  Mteceloneou*  Note*  and  Piecoution* 

‘s 

N/A 

11.0.  Mettwd  Referanee 

Standard  Me»x>d  for  the  Examination  of  Woter  otkJ  Wastewater.  1992. 18th  ED.  Method 
360(>Fe.D. 


12.0  Appendtee* 

N/A 
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1,1O-ph0nanthroiln0  eolorim0trle 
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CAUBRATION  DATA  I 

F0nou0  ammonium  ouHota  Stock  Soln 

i 

1 

Std  (Prepare  freah) 

F0{NH4)2(SO4)2  •  6H20 

1.404  grams 

mL  stock  « 

5 

volume  * 

1000  mL 

volume  > 

100  mL 

Cone- 

200  mg/L  Fe*2 

Cone  sc 

10.0  mg/LF0*2 

Prop  Date: 

Standard  Cunra  Data 

Raaraaalon  Data 

ml  inter.  Std 

mPTgm 

Absorbance 

AVG 

CONC  «  (ABS-a)/b 

to  2S  mL 

(510  nm. 

1cm  cell) 

0.00 

0.00 

«DIV/0l 

intercept  >  #OIV/0< 

0.10 

0.04 

«DIV/0l 

slope  >  #DIV/0! 

0.25 

0.10 

«OIV/0l 

r2  =  #DIV/0! 

0.50 

0.20 

«DIV/0! 

1.25 

0.50 

«DIV/0! 

Comment:  #DIV/0! 

2.50 

1.00 

«DIV/0! 

5.00 

mmmm 

«OIV/0! 

Calibration 

Varlfleatlon 

Standard 

Source 

in  house 

Stock  Cone  = 

1  20o\mg/L  Fe+2 

Dilution 

0.50im/  stock  to 

mL  m 

1 .00  mil/L  F0*2 

SAMPLE  DATA 
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Standard  Oporoling  Proc«chir«  -  Motols 

SW-846M«lhod3020 

ARI  Prop  Coda:  TWN 

1U  Scopo  and  Application 

This  is  the  digestion  method  identified  in  the  SW-846  USEPA  Solid  Waste  manual 
os  Method  3020.  It  is  intended  for  preparing  waste  water  samples  and  liquid 
wastes  that  contain  suspended  solids  for  arKilysis  by  graphite  furnace  atomic 
absorption  spectroscopy  (GFAA).  Samples  prepared  by  this  method  will  be 
labeled  with  the  preparation  code  "TWN*. 

20  Definiliom 

N/A 

3j0  EquH»ment 

3.1  Beakers,  160mL 

3.2  Watch  glasses,  65  mm  flat  aixl  76  mm  ribbed. 

3.3  Concentrated  nitric  acid  (HNO3  7096):  Use  trace  metal  grade  nitric  acid  that  has 
been  lot  QC  checked. 

34  Hot  plate 

3.5  Polyethylene  bottles,  126  mL:  Use  only  acid-rinsed  HOPE  bottles. 

AO  Documentation 

4.1  Water  Sample  Digestion  Log. 

5D  Intiouse  ModMccrtlons  to  Referenced  Method 

N/A 

6X1  Procedures 

6.1  Fill  out  cflgestton  log,  entering  header  kiformotioa  prep.  code,  date,  analyst 
rxsme,  SOP  revision  date,  sarrrple  number,  orxj  beaker  number. 
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6.2  Transfer  1 00  mL  of  sample  to  a  1 50  mL  beaker. 

6.2.1  Using  pH  paper,  verify  that  the  sample  has  been  preserved  properly 
(pHs2),  and  mark  digestion  log  with  a  check  mark.  If  the  sample  has  not 
been  preserved,  odd  appropriate  preservative.  (See  section  9.1) 

6.2.2  Mix  the  sample  thoroughly  before  transferrltTg. 

6.2.3  Tare  an  empty  beaker  and  odd  100.0  g  of  sample.  Record  exact 
amount  on  digestion  log. 

6.3  Add  3  mL  of  concentrated  HNO3. 

6.4  Cover  with  a  ribbed  watch  gloss  and  digest  on  a  hot  plate. 

6.4. 1  Evaporate  the  sample  down  to  a  volume  of  5  mL. 

6.4.2  Do  not  boil  the  sample. 

6.4.3  Do  not  allow  any  part  of  the  bottom  of  the  beaker  to  dry.  If  the  beaker 
does  go  dry,  see  section  9.2. 

6.5  Cool  the  sample. 

6.6  Add  3  mL  of  concentrated  HNO3. 

6.7  Cover  with  a  flat  watch  gloss  and  return  to  the  hot  plate. 

6.7. 1  Increase  the  heat  on  the  hot  plate  to  gently  reflux  the  sample. 

6.7.2  Continue  heating,  adding  acid  as  necessary,  until  the  digestion  is 

corr  'lete.  This  is  generally  IrKlIcated  when  the  digestate  Is  light  in  color 
or  does  not  change  in  appearance  with  continued  refluxing. 

6.8  Cover  with  a  ribbed  watch  gloss  and  continue  heating. 

6.8. 1  Evaporate  down  to  a  volume  of  3  mL. 

6.8.2  Do  not  allow  the  sample  to  boll. 

6.8.3  Do  not  allow  any  port  of  the  bottom  of  the  beaker  to  dry.  If  the  beaker 
does  go  dry,  see  section  9.2. 

6.9  Add  10  mL  deionized  water  and  warm  for  10  - 1 5  minutes. 

6.10  Cool  the  sample. 

6. 1 1  Prepare  a  polyethylene  bottle. 

6. 1 1 . 1  Use  an  acid-rinsed  HDPE  bottle. 

6. 1 1 .2  Label  the  bottle  with  the  samii^e  number. 

6. 1 1 .3  Mark  the  bottle  with  the  preparation  code 
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6. 1 2  Dilute  to  1 CX)  mL  with  deionized  water. 

6.12.1  Tore  a  labeled,  empty,  acid-rinsed  HOPE  bottle  on  the  balance. 

6. 1 2.2  Rinse  the  digested  sample  into  the  bottle. 

6. 1 2.3  Add  enough  deionized  water  to  make  1 00.0  g  total  weight,  and 
record  the  exact  amount  added  on  the  digestion  log. 

6. 1 3  Centrifuge  the  sample. 

Alternatively,  allow  the  sample  to  settle  overnight.  This  step  is  unnecessary  if 
fhere  are  no  insoluble  materials. 

6.14  Take  digested  samples  to  the  instrument  lab  and  record  in  the  appropriate 
logbook. 

7.0  Review 

7.1  Verify  that  all  information  has  been  properly  entered  In  the  digestion  log. 

7.2  All  unused  space  in  the  digestion  log  must  be  crossed  out  and  initialed  by  the 
analyst. 

8.0  QuodHy  Control 

8.1  All  quality  control  samples  are  assigned  by  the  supervisor/manager  when 
samples  are  logged  into  the  metals  data  base. 

8.2  Verify  the  following: 

8.2.1  Method  blanks  are  processed  with  each  analytical  batch,  or  every 
twenty  samples,  os  assigned  on  the  Samp>le  Log  Form. 

8.2.2  Other  QC  samples,  spikes,  duplicates,  and  reference  materials  are 
processed  as  assigned  on  the  Sample  Log  Form. 

9.0  Conoctivo  Actiom 

9.1  If  samples  were  not  presen/ed  properly,  adjust  to  pH  ^  2  with  nitric  acid 
according  to  the  Sample  Presentation  SOP. 

9.2  If  a  beaker  goes  dry,  notify  the  supervisor/marKiger  and  reprep  the  sample. 

9.3  Any  unusual  sample  or  problem  that  arises  must  be  rioted  on  the  digestion  log  or 
on  an  Analyst  Notes  Form  and  also  brought  to  the  attention  of  the 
supervisor/manager. 
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1(L0  MiM«Han«ous  Notot  and  Procoutions 

10.1  Concentrated  acids  are  very  dangerous.  Follow  proper  safety  procedures 
according  to  the  ARI  Chemical  Hygiene  Plan.  Always  wear  gloves,  eye 
protection,  and  a  lab  coot. 

11X1  Method  References 

11.1  USEPA,  Test  Methods  for  Evaluating  Solid  Waste,  SW-846,  Volume  I  A,  Method 
3020  July  1992. 

120  Appendices 

N/A 
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Standard  Opoialing  Procodura  •  Molcds 
SW-S46  Mathod  3050 
ARi  Prep  Code:  SWC 

IX)  Scope  and  Application 

This  te  the  sedirnent  digestion  procedure  identified  in  the  SW-846  USEPA  manual 
os  Method  3050.  it  is  intended  for  preparing  soil,  sludge,  and  sediment  samples 
for  artaiysis  by  either  fiame  atomic  absorption  spectroscopy  (FIAA)  or  by 
inductively  coupled  argon  plasma  spectroscopy  (ICP).  This  is  also  the  digestion 
use  when  ontlnrxjny  is  being  analyzed  by  graphite  furrxx:e  otorrric  absorption 
(GFAA).  Samples  prepared  by  this  method  will  be  labeled  with  the  preparation 
code  'SWC. 

20  OeflnitiorM 

N/A 

3J0  Equipment 

3.1  Beakers,  250  mb  conical. 

3.2  Watch  glasses,  65  mm  fiat  arxt  75  mm  ribbed. 

3.3  CoTJcentroted  hydrochloric  acid  (HCL  37%):  Use  trace  metal  grade  hydrochloric 
acid  that  has  been  lot  QC  checked. 

3A  Corx:entrated  nitric  add  (HNO3  70%):  Use  trace  metal  grade  nitric  odd  that  has 
been  lot  QC  checked. 

3.5  (1+1)  Nitric  odd  (HNO3,  1:1):  Use  trace  rrretol  grade  rritric  odd  that  has  been  lot 

QC  checked,  diluted  1 :1  with  deiortsed  water,  and  stored  in  Teflon  bottles. 

3A  Hydrogen  peroxide  sdutloa  30%  (H2O2  30%). 

3.7  Hotplate 

3.8  Polyethylene  bottles,  1 25  ml:  Use  only  acid-rinsed  HOPE  bottles. 

4i)  Documentcilion 

4.1  Sdl  Sample  Digestion  Log. 
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&0  InhouM  ModMcoHons  to  Roforoncod  Mothod 

N/A 

6D  Procoduros 

6.1  Fill  out  digestion  log,  entering  header  informotioa  prep,  code,  date,  arxilyst 
rKjme,  SOP  revision  date,  sample  number,  ar»d  beaker  number. 

62  Mix  the  sample  thoroughly  to  achle\«  horiKsger^^. 

6.3  Weigh  1 .00  to  2.00  g  of  wet  sample  oryj  place  h  a  beaker.  Record  the  weight 
to  the  nearest  0.01  g.  If  samples  hove  a  low  percent  solds  a  larger 

sample  size  may  be  used. 

6.4  At  the  some  time  weigh  arx)ther  portion  of  sample  for  determining  the  percent 
solids.  If  more  than  one  soil  prep  is  being  performed  per  sample  only  one  solids 
determination  is  required. 

6.4. 1  Tore  bolarx^e  to  achieve  a  zero  reading. 

6.4.2  Weigh  empty  weighing  tin  and  record  weight  to  the  nearest  0.001  g. 

6.4.3  FW  the  weighing  tin  (10.000  to  20.000  g)  with  wet  sample.  Less  sample 

con  be  used  if  necessary.  Record  Ifte  exact  weight  to  the  nearest  0.001  g. 

6.4.4  Place  tins  in  oven  at  104°C  for  24  hours  or  unit  sample  is  dry. 

6.4.5  Renrwve  from  ovea  cool,  arKi  weigh.  Record  exact  weight  to  the 
necrest  0.001  g. 

6.5  Add  10  mL  of  (1+1)  HNO3  and  mix. 

6.6  Cover  with  a  flat  watch  gloss  orxj  heat  on  a  hot  plafe  10- 15  minutes.  The 
recommerKled  temperature  Is  95®C.  Do  not  alow  the  sample  to  boB. 

6.7  Cool  the  sample. 

6.8  Add  5  mL  of  concentrated  HNO3. 

6.9  Replace  the  flat  watch  gloss  and  reflux  the  sample  for  30  mirHJtes  without  boifing. 

6.10  Cool  the  sample. 

6.11  Add  another  5  mL  of  concentrated  HNO3. 

6.12  Replace  the  flat  watch  glass  and  refkjx  for  30  minutes^  again  without  boWng. 

6.13  Change  to  a  ribbed  watch  gloss  and  continue  digestion.  Evaporate  the  sample 
to  a  volume  of  5  mL.  Make  sure  the  scvnple  does  not  boH,  orxJ  that  no  part  of  the 
bottom  of  the  beaker  dries. 

6.14  Cool  the  sample. 
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6. 15  Add  2  ml  of  deionized  water. 

6.16  Add  3  mL  of  30%  H2O2  solution. 

6.17  Cover  with  a  flat  watch  gloss  ortdretiMn  to  the  hotplate.  Heat  until  the  peroxide 
reaction  stcffts.  Do  not  allow  sarnpie  to  froth  over;  remove  the  sample 
temporarily  if  necessory.  Continue  heating  untU  the  reaction  erxjs. 

6.18  Cool  the  sample. 

6.19  Add  additional  1  mL  aliquots  of  H2O2  solution  orxj  heat.  Continue  additions  until 
sample  oppenrortce  does  rtot  change  artd  digestion  is  complete.  Add  rx> 
more  than  7  oHquots  of  H202- 

6.20  Cool  the  sample. 

6.21  Add5mLofcorx:entratedHa. 

6.22  Add  10  mL  of  deionized  water. 

6.23  Cover  with  a  flat  watch  glass  orKi  return  to  hotplate  for  1 0-1 5  minutes.  Do  rtot  adow 
sample  to  boil. 

6.24  Cool  the  sample. 

6.25  Prepare  a  polyethylene  bottle. 

6.25. 1  Use  an  acid-rinsed  HDPE  bottle. 

6.25.2  Label  the  bottle  with  the  sample  number. 

6.25.3  Mark  the  bottle  with  the  preparation  code  "SWC". 

6.26  Dilute  to  100  mL  with  deionized  water. 

6.26. 1  Tare  a  labeled,  empty,  acid-rinsed  HDPE  bottle  on  the  balance. 

6.26.2  Rinse  the  digested  sample  Into  the  bottle. 

6.26.3  Add  enough  deionized  water  to  make  100.0  g  total  weight.  otkI 
record  exact  amount  added  on  the  log. 

627  Centrifuge  the  sample,  or  oNow  it  to  settle  overnight.  This  step  is  unnecessary  If 
there  ore  no  insolubie  moteriois. 

6.28  Transfer  digested  samples  to  the  instrument  lab  and  record  them  in  the 
appropriate  logbook. 

7j0  Review 

7.1  Verify  that  all  Information  has  been  property  entered  in  the  digestion  log. 

72  All  unused  space  in  the  log  must  be  crossed  out  artd  initloied  by  the  analyst. 
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8X)  QuoMyContiol 

8.1  All  quality  control  samples  ore  assigned  by  the  supervisor/manager  when 
samples  ore  logged  into  the  metals  data  base. 

S2  Verify  the  following: 

8.2.1  Method  blanks  are  processed  with  each  onolyticai  botch,  or  every 
twenty  samples,  os  assigned  on  the  Sample  Log  Form. 

8.2.2  Other  QC  samples,  spikes,  duplicates,  and  reference  materials  are 
processed  as  assigned  on  the  Sample  Log  Form. 

9j0  ConecHve  AcMont 

9.1  If  a  beaker  goes  dry.  notify  the  supervisor/morKiger  aryj  reprep  the  sample. 

9.2  Any  urujsual  sample  or  problem  that  arises  must  be  rv^ted  on  the  digestion  log  or 
on  on  ArKrtyst  Notes  Form  arxi  also  brought  to  the  attention  of  the 
supervisor/manager. 

100  MisceHaneout  Notes  and  Precautions 

10.1  Corrcentrated  acids  ore  very  dangerous.  Follow  proper  procedures  according 
to  the  ARI  Chemical  Hygiene  Plan.  Always  wear  gloves,  eye  protection,  and  a 
lab  coot. 

11D  Method  References 

11.1  USEPA.  Test  Methods  for  Evaluating  Solid  Waste,  SW-846.  Volume  lA,  Method 
3050.  July  1992. 


120  Appendices 

N/A 
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Standard  Oporallng  Procodur*  -  Mototo 

SW-S46M«lhod3010 

ARI  Prop  Coda:  TWC 

ID  Scopo  arKi  AppHcoHon 

This  is  the  digestion  method  identified  in  the  SW-846  USEPA  Solid  Waste  manual 
os  Method  3010.  It  is  intended  for  prepcving  wastewater  samples  and  TCLP 
extracts  for  orKiiysis  by  irtductively  cocpied  argon  plasma  spectroscopy  OCR)  or 
flame  atomic  absorption  spectroscopy  (FLAA).  Samples  prepared  by  this 
method  will  be  labeled  with  the  prepcxotion  code  TWC*. 

2D  OeflniliorM 

N/A 

3D  Equipment 

3.1  Beakers.  150  mL. 

3.2  Watch  glasses.  65  mm  fk3t  and  75  mm  ribbed. 

3.3  Concentrated  nitric  acid  (HNO3  70%):  Use  trace  rnetol  grade  riltric  ackJ  that  has 
been  lot  QC  checked. 

3.4  1+1  hydrochloric  acid  (HCL 1 :1):  Use  trace  metal  grade  hydrochloric  acid  that 
has  been  lot  QC  checked.  cMufed  1:1  with  01  water,  and  stored  in  a  tefiorvlined 
bottle. 

3.5  Hotplate 

3D  Polyethylene  bottles.  125  mL:  Use  only  ocid-Tlnsed  HOPE  bottles.  ^ 

4D  Documentation 

4.1  Water  Sample  Digestion  Log. 

5D  inhoute  ModMcoNont  to  Referenced  Method 

N/A 
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6J0  Proc«<iur«« 

6.1  Fill  out  digestion  log.  entering  header  inforrnatioa  prep.  code,  date,  oryalyst 

name,  SOP  revision  date,  sample  ni^ber.  otkI  beaker  rvjmber. 

6.2  Transfer  1 00  mL  of  sample  to  a  1 50  mL  beaker. 

6.2.1  Using  pH  paper,  verify  that  the  sample  has  been  preserved  pxoperly 
(pH  ^  2),  oiKl  mcvk  log  with  a  check  mark.  Ifscvr^slehasrv^tbeen 
preserved,  odd  appropriate  preservative.  (See  section  9.1) 

6.2.2  Mix  the  sample  thoroughly  before  trarttferring. 

6.2.3  Tare  an  empty  beaker  arKt  odd  100.0  g  of  sample.  Record  exact 
amount  on  log. 

6.3  Add  3  mL  of  corx:entrated  HNO3. 

6.4  Cover  with  a  ribbed  watch  gloss  arxj  cHgest  on  a  hot  plate. 

6.4. 1  Evaporate  the  sample  down  to  a  volume  of  5  mL. 

6.4.2  Do  not  boil  the  sample. 

6.4.3  Do  rx5t  allow  any  port  of  the  bottom  of  the  beaker  to  dry.  If  beaker  does 
go  dry.  see  section  9.2. 

6.5  Cool  the  sample. 

6.6  Add  3  mL  of  concentrated  HNO3. 

6.7  Cover  with  a  flat  watch  gloss  and  retun  to  the  hot  plate. 

6.7. 1  Increase  the  heat  on  the  hot  plate  to  gently  reflux  the  sample. 

6.7.2  Continue  heating,  adding  acid  as  necessary,  until  the  digestion  is 
complete.  This  is  generally  bxllcated  when  the  digestate  is  light  In  color 
or  does  not  change  in  appearance  with  continued  refluxing. 

6.8  Cover  with  a  ribbed  watch  gloss  and  continue  heating. 

6.8.1  Evaporated  down  to  a  volume  of  3  mL.  ^ 

6.8.2  Do  not  allow  the  sample  to  boil. 

6.8.3  Do  rwt  allow  any  part  of  the  bottom  of  the  beaker  to  dry.  Ifbeokerdoes 
go  dry,  see  section  9.2. 

6.9  Cool  the  sample. 

6.10  Add  10  mL  1:1  HCL  arxj  worm  for  10- 15  minutes. 

6.1 1  Cool  the  sample. 
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6.12  Prepare  a  polyethylene  bottle. 

6.12.1  Use  an  ocld-rlnsecl  HOPE  bottle. 

6. 1 2.2  Label  the  bottle  with  the  sample  number. 

6.12.3  Mark  the  bottle  with  the  preparation  code  TWC". 

6.13  OUute  to  1CX)  mL  with  deionized  water. 

6.13.1  Tcre  a  kJbelecL  empty,  ocid-rlnsed  HOPE  bottle  on  the  balance. 

6.13.2  Rinse  the  digested  sample  into  the  bottle. 

6.13.3  Add  enough  deionized  water  to  make  100.0  g  total  weight,  and  record 
exact  CHTount  added  on  the  digestion  log. 

6.13  Centrifuge  the  sample. 

Alterrxstively.  allow  the  sample  to  settle  ovemtight.  This  step  is  unnecessary  if 
there  are  no  Insoluble  materials. 

6.14  Take  digested  samples  to  the  Instrument  lab  and  record  in  the  appropriate 
logbook. 

7J0  Review 

7.1  Verify  that  all  Information  has  been  properly  entered  in  the  digestion  log. 

7.2  All  unused  space  in  the  log  must  be  eroded  out  and  initialed  by  the  arxalyst. 

8.0  QuattyConhoi 

8.1  All  quality  control  samples  ore  assigned  by  the  supervisor/nKirKiger  when 
samples  ore  logged  into  the  metals  data  base. 

82  Verify  the  following: 

8.2.1  Method  blanks  ore  processed  with  each  orKilytical  botch,  or  every 
twenty  samples,  os  assigned  on  the  Samp>le  Log  Form.  ^ 

822  Other  QC  samples,  spikes,  duplicates,  and  reference  moteriois  ore 
processed  as  assigned  on  the  Sample  Log  Form. 

9i)  Corrective  Actions 

9.1  If  samples  were  not  preserved  properly,  adjust  to  pH  £2  with  nitric  acid, 
according  to  the  Satrpie  Preservation  SOP. 

92  If  a  beaker  goes  dry.  notify  the  supervisor/manager  and  reprep  the  sdmple. 
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9.3  Any  unusual  sample  or  problem  that  arises  must  be  r»oted  on  the  digestion  log 
arKi  brought  to  the  attention  of  the  supervisor/marKjger. 

10.0  Miscellaneous  Notes  and  PrecouHons 

10.1  Concentrated  acids  are  very  dangerous.  Follow  proper  safety  procedures 
according  to  the  ARI  Chemical  Hygiene  Plan.  Always  wear  gloves,  eye 
protectloa  arid  a  lab  coot. 

11.0  Method  References 

11.1  USEPA.  Test  Methods  for  Evaluating  Solid  Waste,  SW-846,  Volume  lA,  Method 
3010,  November  1986. 

12X1  Appendices 

N/A 

ARI  CONTROLLED  "  :  ~ 

Document  # 

This  document  remains  the  property  of 
Analytical  Resources  Inc.  ^ 


Metals  Preparation  -  TWC 
510S 


Revision  3 
5/5/94 
Page4of  4 


# 


ANALYTICAL 

RESOURCE 

INCORPORATED 


WATER  SAMPLE  DIGESTION  LOG 


Prep  Code: 
Analyst: 


Date: 

SOP  Revision  Dote: 


5(X)7F 


Rev.  1 
02/17/94 


ANALYTiCAL 

RESOURCES 

INCORPORATED 


Standard  Operating  Procedure 


Metals  Preparation 
Method  7470  (TMM) 


512S 

Revlstoh  4 


mm 


ANALYTICAL 

RESOURCES 

INCORPORATED 


Standard  Oporoting  Proc«dur«  -  Matote 
SW-846  Mathod  7470 
ARI  Prop  Coda:  TMM 

1.0  Scopo  and  Application 

This  is  the  digestion  procedure  identified  in  the  SW-d46  USEPA  Solid  Waste 
manual  os  Method  7470.  This  digestion  Is  applicable  to  water  samples, 
wastewaters,  and  IrKlustrial  wastewaters  for  mercury  analysis  by  the  cold  vapor 
atomic  absorption  method  (CVA).  Samples  prepared  by  this  method  will  be 
labeled  with  the  preparation  code  "TMM*. 

20  Definitions 

N/A 

20  Equipment 

3.1  Concentrated  sulfuric  acid  (H2SO4  96.8%):  Use  trace  metal  grade  sulfuric  acid. 

3.2  Concentrated  nitric  acid  (HNO3  70%):  Use  trace  metal  grade  nitric  acid  that  has 
been  lot  QC  .checked. 

3.3  Potassium  permangarxste  solution  (KMn04):  Dissolve  50  g  of  KMn04  in  1 000 
mL  of  deionized  water. 

3.4  Potassium  persulfate  solution  (K2S2O8):  Dissolve  50  g  of  K2S2O8  in  1 000  mL  of 
deionized  water. 

3.5  Water  both  nxsinfained  at  95®C. 

3.6  300  mL  borosilicate  BOD  bottles. 

3.7  BOD  bottle  rock. 

4J0  Documentation 

4.1  Mercury  Digestion  Log 

4.2  Mercury  Sfarfoord  Preparation  Log 

&0  IntMuse  ModMcations  to  Referenced  Method 

5.1  Method  section  7.2:  ARI  does  not  use  a  10  Hg/L  Hg  standard  during  calibration 
as  the  instrument  is  not  linear  post  5  ug/L  Hg. 
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Proc«dur«s 

6.1  Standard  Preparation. 

6.1.1  Calibration  stock  solution  (1000  mg/LHg):  certified  stock  standard 
solutiorts  are  purchased. 

6.1 .2  Intermediate  calibration  starKlord  solution  (1 .00  mg/L  Hg):  ttpet  0.100  mL 
of  1000  mg/L  Hg  stock  standard  Into  a  100-mL  glass  volumetric  flask.  Dilute 
to  100  mL  with  0.50%  HNO3  solution.  Make  this  starxlard  fresh  daily. 

6.1 .3  Calibration  Staixlard:  Add  the  foltowing  arrwunts  of  1 .00  mg/L 
intermediate  mercury  solution  to  300  mL  BOD  bottles  containir>g  100  mL  of 
deionized  water  in  order  to  rrKske  the  indicated  calibration  standards: 

hQ/L  Ha  mL  intermediate  std. 

0.0  0.00 

0.5  0.05 

1.0  aio 

2.0  0.20 

5j0  0.50 

6.1 .3.1  Add  5.0  mL  of  concentrated  H2SO4  and  mix. 

6. 1 .3.2  Add  2.5  mL  of  corrcentroted  HNO3  and  mix. 

6.1 .3.3  Add  1 5.0  mL  of  KMNO4  solution  and  mix. 

6. 1 .3.4  Let  the  standards  stand  for  at  least  1 5  minutes. 

6.1 .3.5  Add  8  mL  of  K2S2O8  solution  to  each  standard  and  mix. 

6.1. 3.6  Heat  in  a  95®C  water  both  for  2  hours. 

6.1 .3.7  Cool  to  room  temperature  before  orKslyzing. 

6.1.4  Calibration  Verification  Standards 

6.1 .4.1  Intermediate  CV  standard  solution  (1 .00  mg/L  Hg);  PIpet  0.100  mL 
of  1000  mg/L  Hg  CV  stock  standard  Into  a  100  mL  glass  volumetric 
fkzsic  Dilute  to  100  mL  with  0.50%  HNO3  solution.  Make  this  standard 
fresh  each  time  analysis  is  performed. 

6.1 .4.2  Calibration  Verification  Standards  (3.0  (ig/L  Hg):  To  make  each 
CV  stondord.  odd  0.30  mL  of  1 .00  mg/L  Intermediate 

CV  mercury  solution  to  300  mL  BOD  bottles  contoir^ng  IQO  mL  of 
deionized  water.  Follow  step)s  6.1 .3.1  to  6.1 .3.7  for  each  CV  bottle. 
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6.2 


Sample  Preparation 

6.2.1  Fill  out  the  digestion  log.  entering  header  informotioa  prep.  code.  dote, 
analyst  name.  SOP  revision  dote.  samp>le  number,  artd  beaker  number. 

6.2.2  Transfer  1 00  mL  of  sample  to  a  300  mL  BOD  bottle. 

6.2.2. 1  Using  pH  paper,  verify  that  the  sample  has  been  preserved 
properly  (pH  s  2).  and  mark  the  digestion  log  with  a  check  mark.  If 
the  sample  has  rK>t  been  preserved,  add  appropriate 
preservative.  (See  section  9.1) 

6.2.2.2  Mix  the  sample  thoroughly  before  transferring. 

6.2.2.3  A  smaller  aliquot  diluted  to  100  mL  may  be  used. 

6.2.2.4  Tare  an  empty  BOD  bottle  otkI  add  100.0  grams  of  sample. 

6.2.3  Add  5.0  mL  of  concentrated  H2SO4  and  mix. 

6.2.4  Add  2.5  mL  of  concentrated  HNO3  otkI  mix. 

6.2.4  Add  1 5.0  mL  of  KMNO4  solution  and  mix.  Add  oddltiorKil  aliquots  until  the 
purple  color  persists  for  15  minutes.  No  more  than  3  aliquots  may  be 
added. 

6.2.5  Add  8  mL  of  K2S2O8  solution  and  mix. 

6.2.6  Heat  in  a  95®  C  water  bath  for  2  hours. 

6.2.7  Cool  to  room  temperature  before  analyzing. 


7Q  Review 

7.1  Verify  that  all  information  has  been  properly  entered  in  the  digestion  log. 

7.2  All  unused  space  in  the  log  must  be  crossed  out  and  initialed  by  the  arxslyst. 


8i) 

8.1 


8.2 


QuoMy  Control 

All  quality  control  samples  ore  assigned  by  the  supervisor/manager  when 
samples  are  logged  Into  the  metals  database. 

Verify  the  following: 

8.2.1  Method  blonks  are  processed  with  each  arKilyticat  botch,  or  every 
twenty  samples,  as  assigned  on  the  Sample  Log  Form. 

8.2.2  Other  QC  samples,  spikes,  duplicates,  arrd  reference  materials  are 
processed  as  assigned  on  the  Sample  Log  Form. 
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9.0  Corr«ctiv«  Actions 

9. 1  If  samples  were  not  preserved  property,  adlust  to  pH  ^  2  with  nitric  ackl 
according  to  the  Sample  Preservation  SOP. 

9.2  Any  unusual  sample  <x  problem  that  arises  must  be  rv>ted  on  the  cttgestion  log  or 
on  an  Arralyst  Notes  Form  and  also  brought  to  the  attention  of  the 
supen/lsor/manager. 

IQlO  Misceikineous  Notes  end  Precautions 

10.1  Concentrated  acids  are  very  dangerous.  Follow  proper  safety  procedures 
according  to  the  ARi  Chemical  Hygiene  Plan.  Always  wear  gloves,  eye 
protection,  and  a  lab  coot. 

11i)  Method  References 

11.1  USEPA.  Test  Methods  for  Evaluating  Solid  Waste.  SW-846.  Volume  I  A.  Method 
7470.  November  1990. 

IZO  Appendices 

N/A 
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Analyst: 
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• 

standard  Opofoting  Proc«dur«  •  Matols 

SW-846M«thod7471 

ARI  Prop  Coda  "SWM" 

}J0 

Scope  and  Appication 

1.1 

This  is  the  digestion  procedure  identified  in  the  SW-846  USEPA  Solid  Waste 
manual  os  Method  7471 .  This  digestion  is  applicable  to  soil,  sediments,  and 
sludge  type  moteriois  for  mercury  onolysis  by  the  cold  vapor  atomic  absorption 
method  (CVA).  Samples  prepared  by  this  method  wilt  be  labeled  with  the 
•SWM*  preparation  code. 

2j0 

DeflnHIont 

N/A 

SX) 

Equipment 

3.1 

Cortcentrated  sulfuric  add  (H2SO4  96.8%):  Use  trace  metal  grade  sulfuric  acid. 

• 

3.2 

Corx;entrated  nitric  odd  (HNO3  70%):  Use  trace  metd  grade  nitric  add  that  has 

been  lot  QC  checked. 

3.3 

Potossium  F)errTK3ngarKite  solution  (KMn04):  Dissolve  50  grams  of  KMn04  in  1000 

mL  of  deionized  water. 

3.4 

Potassium  persulfate  solution  (K2S2O8):  Dissolve  50  grams  of  K2S2O8  h  1000  mL  of 

deionized  water. 

35 

Water  both  maintained  at  95"C. 

35 

300  mL  borosEicate  BOO  bottles. 

3.7 

BOD  bottle  rack. 

40) 

Documentation 

4.1 

Mercury  Digestion  Log 

42 

Mercury  StorKlord  Preparation  Log 

• 
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&0  InhouM  Modiflccrtions  to  Roforoncod  Mothod 

5.1  Method  section  7.1 :  Triplicate  cincriysis  is  not  performed.  Also.  ARI  substitutes  5 
mL  H^04  otkI  2  mL  HNO3  for  the  5  mL  Dl  water  ortd  5  mL  aqua  regia  specified  in 
the  method.  ARI  adds.8  mL  K2S2O8  afor^  with  the  KMn04  before  heating. 

5.2  Method  section  7.3:  ARI  does  not  use  a  10  ^g/L  Hg  standard  during  calibration 
because  the  instrument  is  not  linear  post  5  (ig/L. 

5D  Procedure 

6.1  StCMXlard  Preparation 

6.1.1  Calibration  stock  solution  (1000  mg/L  Hg):  Certified  stock  storyjord 

solutions  are  purchased. 

6.1.2  Intermediate  calibration  standcvd  solution  (1 .00  mg/L  Hg):  Pipet  0.100  mL 
of  1000  mg/L  Hg  standard  into  a  100  mL  glass  volumetric  flask.  Dilute  to  100 
mL  with  0.50%  HNO3  solution.  Make  this  solution  fresh  daily. 

6.1.3  Calibration  Standard:  Add  the  following  amounts  of  1 .00  mg/L 
intermediate  merrt  jry  solution  to  300  mL  BOO  bottles  containing  100  mL  of 
deionized  water  In  order  to  rrKike  the  indicated  colbrotion  storKlords: 

1ig/L  Hg  mL  intermediate  std. 

OjO  OXX) 

0.5  OJ06 

1.0  aio 

2X)  0.20 

5X)  aso 

6.1 .3.1  Add  5.0  mL  of  concentrated  H2SO4  and  mix. 

6.1 .3.2  Add  2.5  mL  of  concentrated  HNO3  orxJ  mix. 

6.1 .3.3  Add  15.0  mL  of  KMNO4  sokjtion  and  mix. 

6.1.3.4  letthestarKjardsstar)dfbratleast15rTiinutes. 

6.1 .3.5  Add  8  mL  of  K2S2O8  solution  to  each  standard  and  mix. 

6.1.3.6  Heatlna95K;waterbathfor30iTiiriute8. 

6.1 .3.7  Cool  to  room  temperature  before  analyzing. 

6.1 .4  CoUbrotion  Verificatfon  Starxjards 

6.1  A1  Calibration  verification  stock  solution  (1000  mg/L  Hg):  Certified 
stock  standard  soluttons  ore  purchased. 
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6. 1.4.2  Intermedkate  CV  stoTKlard  solution  (1 .00  mg/L  Hg):  P^tO.IOOmL 
of  1000  mg/L  Hg  CV  stock  stanckvd  into  a  100-mL  gloss  volumetric 
flask.  Dilute  to  100  mL  y4th  0.50%  HNO3  solution.  Moke  this  solution 
fresh  doUy. 

6.1 .4.3  Calibration  Verification  Stmdards  (3.0  ^g/L  Hg):  To  moke  each 
CVstorxjard,  add0.30mLof  1 .00  mg/L  IntermecEote  CV  mercury 
soKjtion  to  3CO  mL  BOO  bottles  contoirting  100  mL  of  dekxrized 
water.  Follow  steps  6.1 .3.1  to  6.1 .3.7  for  each  CV  bottle. 

6.2  Sample  Preparation 

6.2. 1  Weigh  out  0.2  grams  of  wet  sample  into  a  BOD  bottle.  Mix  the  sample 
thoroughly  before  trartsferring.  Weigh  the  sample  to  the  nearest  0.001 
grams.  If  samples  hove  a  low  percent  solids  a  larger  sample  size  rrroy  be 
used. 

6.2.2  At  the  some  time  weigh  another  portion  of  sample  for  determining  the 
percent  soUds.  If  more  than  or^  sou  prep  is  being  performed  per  sample 
only  orre  solids  determination  is  required. 

6.2.2. 1  Tare  balance  to  achieve  a  zero  reading. 

6.2.2.2  Weigh  on  empty  weiring  tin  arto  record  weight  to  the  nearest 
0.001  gram. 

6.2.2.3  FI  the  weighing  tin  (10.000  to  20.000  grams)  with  wet  sample.  Less 
scvhple  con  be  used  if  necessoy.  Record  the  exact  weight  to 
the  rteorest  0.001  gram. 

6.2.2.4  Place  tins  in  oven  at  104*C  tor  24  hours  or  untU  sample  is  dry. 

6.Z2.5  Remove  from  ovea  cool  and  weigh.  Record  exact  weight  to  the 

nearest  0.001  grams. 

6.2.3  Add  6.0  mL  of  concentrated  H2SO4  and  mix. 

6.24  Add  2.6  mL  of  corx:entrated  HNO3  and  mix. 

6.26  Heatlna96*<;waterbath  tor2mirxjtes. 

62.6  Cool  the  samples. 

6.2.7  Add  60  mL  of  deionized  water  Old  mix. 

62.8  Add  1 6.0  mL  of  KMNO4  solution  arxl  mix. 

62.9  Add  8  mL  of  K2S2O8  solution  arxj  mix. 

6.210  Heatina96*<^\vaterbathfbr30rniriutes. 
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7.0 

7.1 

72 

8D 


8.1 


8.2 


9D 

9.1 


100 

10.1 


UJO 

11.1 


120 


6.21 1  Cool  the  samples. 

6.2.12  Add  50  mL  deionized  water. 

6.2 13  Cool  to  room  temperature  before  onc^yzir^. 


Review 

Verify  that  oil  Information  has  been  property  entered  in  the  cfigestion  log. 

All  unused  space  in  the  log  must  be  crossed  out  and  Mtioled  by  the  orxsiyst. 


QuoMy  Control 

Ail  quality  control  samples  ore  assigned  by  the  supervisor/manager  when 
samples  ore  logged  Into  the  metals  data  base. 

Verify  the  following: 

8.21  Method  blanks  ore  processed  with  each  anoiytlcai  botch,  or  every 
twenty  samples,  os  assigned  on  the  Sample  Log  Form. 

8.2.2  Other  QC  samples,  spikes,  duplicates,  and  referertce  materials  are 
processed  as  assigned  on  the  Sample  Log  Form. 


Corrective  Actions 


Any  unusual  sample  or  problem  that  arises  must  be  noted  on  the  digestion  log  or 
on  an  Arvalyst  Notes  Form  and  also  brou^^tto  the  attention  of  the 
supervisor/manager. 


Misceikmeous  Notes  cmcl  Precoutiom 

Concentrated  acids  are  very  dangerous.  Follow  proper  safety  procedures 
according  to  the  ARi  Chemical  Hygiene  Plan.  Always  wecr  gloves,  eye 
protecttoa  and  a  lob  coat. 


Method  References 

USEPA.  Test  Methods  for  Evaluating  Solid  Waste.  SW<646,  Volume  lA,  Method 
7471.  November  1990. 


Appendices 


N/A 
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Preparation  Code: 

Analyst: 

Calibration  Stock  Standard: 


MERCURY  STANDARD  PREP  LOG 

Dote: 

SOP  Revision  Date: 
ICV/CCV  Stock  Standard: 
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Standard  Oporating  Proc«dur«  *  Matals 
SW-S46  Mathod  3050 
ARI  Prop  Coda:  SWN 

1i)  Scopp  and  Application 

This  is  the  sediment  digestion  procedure  identified  in  the  SW-846  USEPA  manual 
os  Method  3050.  It  is  Intended  for  preparing  soil  sludge,  ortd  sediment  sanrples 
for  arxilysis  by  graphite  furnace  atomic  absorption  (GFAA).  Samples  preixired 
by  this  method  will  be  labeled  with  the  preparation  code  "SWN*. 

20  DeflnHiont 

N/A 

30  Equipment 

3.1  Beakers,  250  mU  conical. 

32  Watch  glasses,  65  mm  flat  arxi  75  mm  ribbed. 

3.3  Concentrated  nitric  acid  (HNO3  70%):  Use  trace  rnetal  grade  nitric  ockJ  that  has 
been  lot  QC  checked. 

3A  (1+1)  Nitric  acid  (HNO3, 1:1):  Use  trace  metal  grade  nitric  odd  that  has  been  lot 
QC  checked,  diluted  one-to-one  with  deionized  water,  and  stored  In  Teflon 
bottles. 

3.5  Hydrogen  peroxide  solutioa  30%  (H2O2  30%). 

3.6  Hotplate 

3.7  Polyethylene  bottles.  125  mL:  Use  only  acid-rinsed  HOPE  bottles. 

40  Documentation 

4.1  Soil  Sample  Digestion  Log. 

SO  inhoute  ModMcotions  to  Referenced  Method 

N/A 
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6l0  Proc«dur«s 

6.1  Fill  out  digestion  log.  entering  header  informotloa  prep,  code,  dote,  analyst 
name,  SOP  revision  date,  sample  number,  and  beaker  number. 

62  Mix  the  sample  thoroughly  to  achieve  homogeneity. 

6.3  Weigh  1 .00  to  2.00  g.  of  wet  sample  and  place  in  a  beaker.  Record  the  weight  to 

the  nearest  0.01  g.  If  samples  hove  a  low  percent  solids  a  larger  sarrple  size 
may  be  used. 

6^  At  the  some  time  weigh  another  portion  of  sample  for  determining  the  percent 
solids.  If  more  than  one  soil  prep  is  being  performed  per  sample  only  one  soMds 
determination  is  required. 

6.4.1  Tare  balance  to  achieve  a  zero  reading. 

6.4.2  Weigh  an  empty  weighing  tm  and  record  weight  to  the  r^eorest  0.001  g. 

6.4.3  Fillthe  weighing  tin  (10.000  to  20.000  g.)  with  wet  sample.  Less  sample 

con  be  used  if  necessary.  Record  the  exact  weight  to  the  neorest  0.001  g. 

6.4.4  Place  tlr«  in  oven  at  104“C  for  24  hours  or  until  sample  Is  dry. 

6.4.6  Remove  from  ovea  cool,  arxj  weigh.  Record  exact  weight  to  the 
r^earest  0.001  g. 

6.6  Add  10  mL  of  (1 + 1 )  HNO3  and  mix. 

6.6  Cover  with  a  flat  watch  glass  and  heat  on  a  hot  plate  10- 16  minutes.  The 
recommended  temperature  Is  96®C.  Do  not  allow  the  sample  to  boll. 

6.7  Cool  the  sample. 

6.8  Add  6  mL  of  concentrated  HNO3. 

6.9  Replace  the  flat  watch  gloss  and  reflux  the  sample  for  30  minutes  without  boiling. 

6.10  Cool  the  sample. 

6.11  Add  another  6  mL  of  concentrated  HNO3. 

6.12  Replace  the  flat  watch  glass  and  reflux  ftx  30  minutes,  again  without  boiling. 

6.13  Change  to  a  ribbed  watch  gloss  and  continue  digestion.  Evaporate  the  sample 
to  a  volume  of  5  mL.  Make  sure  the  sample  does  not  boll  and  that  rx>  part  of  the 
bottom  of  the  beaker  dries. 

6.14  Cool  the  sample. 

6.16  Add  2  mL  of  deionized  water. 

6. 16  Add  3  mL  of  30%  H2C)2  solution. 
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6.17  Cov^ry^  a  flat  watch  gloss  arKi  return  to  the  hotplate.  Heat  until  the  peroxkle 
reaction  starts.  Do  rxst  allow  sample  to  froth  over;  remove  the  sample 
temporarily  If  necessary.  Continue  heating  until  the  reaction  erxjs. 

6.18  Cool  the  sample. 

6. 19  Add  additional  1  mL  aliquots  of  H2O2  solution  (y»d  heat.  Continue  additions  uitil 
sample  appearance  does  rwt  chartge  and  digestion  is  comislete.  Add  no 
more  than  7  aliquots  of  H2O2. 

6.20  Cover  with  a  ribbed  watch  gloss  end  return  to  hotplate.  Evaporate  to  about  5  mL. 
Do  rK>t  allow  sample  to  boll  or  the  bottom  of  the  beaker  to  dry. 

6.21  Cool  the  sample. 

6.22  Prepare  a  polyethylene  bottle. 

6.22.1  Use  an  acid-^nsed  HDPE  bottle. 

6.22.2  Label  the  bottle  with  the  sample  number. 

6.22.3  Mark  the  bottle  with  the  preparation  code  "SWN*. 

6.23  Dilute  to  100  mL  with  deionized  water. 

6.23.1  Tare  a  labeled,  empty,  acid-rinsed  HDPE  bottle  on  the  balance. 

6.23.2  l^nse  the  digested  sample  into  the  bottle. 

6.23.3  Add  erxHjgh  deionized  water  to  rrKike  1 00.0  g.  total  weight,  and 
record  exact  amount  added  on  the  log. 

6.24  Centrifuge  the  sortple.  or  allow  it  to  settle  overnight.  This  step  is  unnecessary  if 
there  are  rx?  insoluble  materials. 

6.25  Transfer  digested  samples  to  the  instrument  lab  and  record  them  in  the 
appropriate  logbook. 

7X)  Review 

7.1  Verify  that  all  information  has  been  property  entered  in  the  digestion  log. 

72  All  unused  space  in  the  log  must  be  crossed  out  arxJ  Initialed  by  the  analyst. 

8X)  QucityConliol 

8.1  All  quality  control  samples  ore  assigned  by  the  supenrisor/marKager  when 

samples  are  logged  Into  the  metals  data  base. 
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8.2  Verify  the  followinQ: 

8.2. 1  Method  blanks  are  processed  with  each  orKSlyttcai  botch,  or  every 
twenty  samples,  os  assigned  on  the  Sample  Log  Form. 

8.2.2  Other  QC  sarrples.  spikes,  duplicates,  and  reference  materials  are 
pxocessed  as  assigned  on  the  Sample  Log  Form. 

90  Corrective  Acttons 

9.1  If  a  beaker  goes  dry,  rratify  the  supervisor/m<nager  end  reprep  the  sample. 

9.2  Any  unusual  sample  or  problem  that  evises  must  be  noted  on  the  digestion  log  or 
on  an  Arxalyst  Notes  Form  and  also  brought  to  the  attention  of  the 
supervisor/manager . 

IOjO  Miscellaneous  Notes  otkI  Precautions 

10.1  Concentrated  acids  ore  very  dangerous.  Follow  proper  procedures  according 
to  the  API  Chemical  Hygiene  Plan.  Always  wear  gloves,  eye  protectloa  ar»d  a 
lab  coot. 

IIjO  Method  References 

11.1  USER  A  Test  Methods  for  Evaluating  Solid  Waste,  SW-846.  Volume  I A  Method 
3050  July  1992. 

120  Appendices  ^ 

N/A  ARI  CONTROLLED  COPY 
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Standard  OporoNng  Piocodur*  -  Mokta 
SW-S46  Molhod  3005 
ARi  Prop  Coda:  RWC 

14)  Scop*  and  AppIcaHon 

This  is  the  method  identified  in  the  SW-d46  USEPA  Solid  Waste  monuoi  as  Method 
3005.  it  is  intended  for  preparing  surface  and  grourtd  water  samples  for  trace 
metal  analysis  by  either  flame  atomic  absorption  spectroscopy  (FLAA)  or  by 
iTKluctively  coupled  argon  pIosttki  spectroscopy  OCP).  This  is  also  the  preferred 
digestion  to  use  when  antimony  Is  being  analyzed  by  graphite  furnace  atomic 
absorption  (GFAA).  Srvrples  pr^x:red  by  this  method  wW  be  lcR)eled  with  the 
preparation  code  "RWC*. 

2j0  Definitions 

N/A 

34)  Equipment 

3.1  Beakers.  250  mL 

32  Watch  glosses.  75  mm  ribbed. 

3.3  Hotplate 

3A  Corx;entrated  nitric  add  (HNO3  70%):  Use  trace  metal  grade  nitric  add  that  has 
been  lot  QC  checked. 

3.5  Concentrated  hydrochloric  odd  (HO  37%):  Use  trace  metal  grade  hydrochloric 
odd  that  has  been  lot  QC  checked. 

3A  Polyethylene  bottles  125-mL:  Use  only  odd-rinsed  HOPE  bottles. 

44)  Documentation 

4.1  Water  Sample  Digestion  Log. 

54)  inhouse  ModMcoHons  to  Referenced  Method 

N/A 
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AO  Proc«dur«t 

6.1  Fill  out  the  digestion  iog.  entering  header  Intormcrtloa  prep,  code,  date,  analyst 
rKime,  SOP  revision  date,  sample  number,  artd  beaker  number. 

6.2  Trcyisfer  100  mL  of  sample  to  a  250  mL  beaker. 

6.2.1  Using  pH  paper,  verify  that  the  sample  has  been  presented  property 
(pH  s  2).  otkI  rnark  the  digestion  log  with  a  check  rnork.  If  the  sample  has 
not  been  preserved,  add  appropriate  preservative.  (See  section  9.1) 

6.2.2  Mix  the  sample  thoroughly  before  transferring. 

6.2.3  Tore  on  empty  beaker  otkI  odd  100.0  g  of  sample.  Record  the 
exact  arTKXjnt  on  the  log. 

6.3  Add  2  mL  of  concentrated  nitric  acid. 

6.4  Add  6  mL  of  concentrated  hydrochloric  acid. 

6.5  Cover  with  a  ribbed  watch  gloss  end  cHgest  on  a  hotplate. 

6.4.1  Heat  the  sample  at  appro)dmateiy  95®C  for  2  hous,  until  ihe  sample 
volume  is  reduced  to  sflghtly  less  than  15-20  mL.  Do  rx)t  allow  the  sample 
toboB. 

6.6  Cool  the  sample. 

6.7  Prepare  a  polyethylene  bottle. 

6.7. 1  Use  an  ocld-rinsed  HOPE  bottle. 

6.7.2  Label  the  bottle  with  the  sample  number. 

6.7.3  Mark  the  bottle  with  the  prep,  code,  "RWC. 

6.8  Dilute  to  100  mL  with  deionized  wafer. 

6.8.1  Tare  a  labeled,  empty,  ocid-rlrrsed  HDPE  bottle  on  the  balance. 

6.8.2  Rinse  the  digested  sample  Into  Ihe  bottle. 

6.8.3  Add  erxxjgh  deionized  water  to  make  100.0  g  total  weight,  otkI  ^ 
record  the  exact  orrxxint  added  in  the  log. 

6.9  Centrifuge  the  sample. 

Alternatively,  allow  the  sample  to  settle  overnight.  This  step  Is  umecessory  If 
there  ore  rx)  insoluble  materials. 

6. 10  Take  digested  samples  to  the  instrument  lab  and  record  in  the  appropriate 
logbook. 
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7X) 

7.1 

7.2 

8d0 

8.1 

8.2 


9.0 

9.1 

9.2 

9.3 


100 

10.1 


11J0 

11.1 


120 


R«vi«w 

Verify  that  ofl  hforrrKition  has  beer^  property  entered  in  the  digestion  log. 

AH  urtused  space  in  the  log  must  be  crossed  out  arKl  initialed  by  the  onolyst. 


CRiallyConInl 

AH  quality  control  samples  ore  ossj^^^ed  by  the  supervisor/manager  when 
samples  ore  logged  into  the  metals  data  base. 

Verify  the  foHowir^g: 

8.2.1  Method  blanks  ore  processed  with  each  analytical  botch,  or  every 
twenty  samples,  os  assigned  on  the  Sample  Log  Form. 

8.2.2  Other  QC  samples,  spikes,  duplicates,  and  referery^e  rrxateriais  are 
processed  as  assigned  on  the  Sample  Log  Form. 

Corrective  AcNont 

If  the  samples  were  not  preserved  properly,  adjust  to  pH  ^  2  with  nitric  odd, 
according  to  the  Sample  Preservation  SOP. 

If  a  beaker  goes  dry,  notify  the  supervisor/manager  arxj  reprep  the  sample. 

Any  unusual  sorrple  or  problem  that  arises  must  be  noted  on  the  cHgestion  log  or 
on  an  Arxilyst  Notes  Form  and  also  brouQH^t  to  the  attention  of  the 
supervisor/manager . 

MisceHoneout  Notes  and  Precoutlorts 

Concentrated  acids  ore  very  dangerous.  FoHow  proper  procedures  according 
to  the  API  Chemicai  Hygiene  Plan.  Always  wear  gloves,  eye  protectloa  and  a 
kab  coot. 

Method  References 

USEPA,  Test  Methods  for  Evaluating  SoHd  Waste,  SW-846,  Volume  1  A.  Method 
3006t  July  1992 
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IX)  Scopa  arKt  Application 

This  is  the  digestion  method  identified  in  the  SW-d46  USEPA  Solid  Waste  monucri 
os  Methods  7060  and  7740.  It  is  interKted  for  preporirig  water  arid  liquid  waste 
samples  for  analysis  by  graphite  furrKJce  atomic  absorption  spectroscopy 
(GFAA)  for  arsenic  and  selenium.  Samples  prepared  by  this  method  >411  be 
labeled  with  the  preparation  code  ‘RMA*. 

20  Doflnitions 

N/A 

20  Equipment 

3.1  Beakers.  250  ml. 

35  CoTKentroted  nitric  odd  (HNO3  70%):  Use  trace  rnetol  grade  nitric  acid  thot  has 
been  lot  QC  checked. 

3.3  Hydrogen  peroxide  solutioa  (H2O2  30%). 

3.4  Hotplate 

35  Polyethylene  bottles.  125  mL:  Use  only  acid-rinsed  HOPE  bottles. 

40  Documentation 

4.1  Water  Sample  Digestion  Log. 

_  _ 

50  Inhouse  ModMcotlons  to  Referenced  Methods 

N/A 

60  Procedures 

6.1  Fil  out  the  digestion  log.  entering  header  informatioa  prep.  code.  date.  crKilyst 
name.  SOP  revision  date,  sample  rxjmber.  and  beakcv  number. 
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62  Transfer  1 00  mL  of  sample  to  a  250  mL  beaker. 

6.2. 1  Using  pH  paper,  verify  that  the  sample  has  been  preserved  properly 
(pH  ^  2),  and  mark  the  digestion  log  with  a  check  mark.  If  the  sample  has 
not  been  preserved,  add  appropriate  preservative.  (See  section  9.1) 

6.2.2  Mix  the  sample  thoroughly  before  transferrirtg. 

6.2.3  Tare  an  empty  beaker  and  odd  100.0  g  of  sample.  Record  the  exact 
amount  on  the  log. 

6.3  Add  0.6  mL  of  concentrated  nitric  acid. 

6.4  Add  2  mL  of  30%  H2O2  solution. 

6.4  Cover  with  a  ribbed  watch  gloss  orxj  digest  on  a  hotplate. 

6.4.1  Heat  the  sample  at  appro)dmately  95°C  for  1  hour,  or  unW  the  sample 
volume  is  reduced  to  slightly  less  than  50  mL.  Do  rjot  allow  the  sample  to 
boil. 

6.5  Cool  the  sample. 

6.6  Prepare  a  polyethylene  bottle. 

6.6.1  Use  an  acid-rinsed  HOPE  bottle. 

6.6.2  Label  the  bottle  with  the  sample  number. 

6.6.3  Mark  the  bottle  with  the  prep.  code.  'RMA*. 

6.7  Dilute  to  1 00  mL  with  deionized  water. 

6.7.1  Tare  a  labeled,  empty.  acid-rir>sed  HDPE  bottle  on  the  balance. 

6.7.2  Rinse  the  digested  sample  into  the  bottle. 

6.7.3  Add  erx5ugh  deionized  water  to  make  100.0  g  total  weight,  and  record  the 
exact  amount  added  in  the  log. 

6.8  Centrifuge  the  sample. 

Alternatively,  allow  the  sample  to  settle  overnight.  This  step  is  unneces^ry  if 
there  are  no  insoluble  materials. 

6.9  Take  digested  sarrples  to  the  Instrument  lab  and  record  In  the  appropriate 
logbook. 

7i)  Review 

7.1  Verify  that  all  information  has  been  properly  entered  In  the  digestion  log. 

72  All  unused  space  in  the  log  must  be  crossed  out  and  initialed  by  the  orxslyst. 
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8.0 

8.1 

8.2 


9.0 

9.1 

9.2 

9.3 


10X) 

10.1 


UJO 

11.1 

11.2 


120 


QuoMy  Conhoi 

All  quality  control  samples  are  osslgr^ed  by  the  supervisor/rTKinager  when 
samples  are  logged  into  the  metals  database. 

Verify  the  following: 

8.2.1  Method  blanks  are  processed  with  each  orKilytical  batch,  or  every 
twenty  samples,  os  assigned  on  the  Sample  Log  Form. 

82.2  Other  QC  samples,  spikes,  duplicates,  artd  referertce  materials  are 
processed  os  assigned  on  the  Sample  Log  Form. 

Corrective  Actioru 

If  the  samples  were  not  preserved  properly,  adjust  to  pH  s  2  with  nitric  odd, 
according  to  the  Sample  Preservation  SOP. 

If  a  beaker  goes  dry,  notify  the  supervisor/manager  arxl  reprep  the  sample. 

Any  unusual  sample  or  problem  that  arises  must  be  ixjted  on  the  digestion  log  or 
on  an  Aixjlyst  Notes  Form  and  also  brought  to  the  attention  of  the 
supervisor/manager. 

Misceikineou*  Notes  and  Precautions 

Concentrated  acids  are  very  dangerous.  Follow  proper  procedures  according 
to  the  ARI  Chemical  Hygiene  Han.  Always  wear  gloves,  eye  protectioa  and  a 
lab  coat. 
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STANDARD  OPERATING  PROCEDURE 
MERCURY  COLD  VAPOR  ANALYSIS 

1.0  Scope  and  AppNcoHon 

This  document  describes  the  cold  vapor  atomic  absorption  analysis  of  mercury  in 
previously  digested  water,  soil  or  tissue  samples.  Unimown  samples  are  run  against  a 
calibration  cun/e  generated  by  standards  of  known  concentration.  Staixlards  ar»d 
sample  preparation  is  covered  in  the  appropriate  digestion  standard  operating 
procedure. 


ZODMinWons 

2.1  CVAAS  -  Cold  Vapor  Atomic  Absorption  Spectroscopy. 

2.2  IDL  -  Instrument  Detection  Limit  -  As  defined  In  the  EPA-CLP  SOW;  three  times  the 


standard  deviation  of  seven  repiicate  measurements  averaged  over  three  norv 

in40CFR:  three  times  the  starKJard 
deviation  of  seven  replicate  measurements  of  a  low  level  standard  or  sample 
that  has  gone  through  a  preparation  step. 

2.4  SD  -  Staixtard  Deviation 

2.5  RSD  -  Relative  Standard  Deviation  -  The  SD  divided  by  the  mean,  multiplied  by 
100. 


2.6  RPD  -  Relative  Percent  Difference  -  The  absolute  difference  between  tw 
numbers,  divided  by  the  overage  of  the  two  numbers,  multiplied  by  100. 

2.7  %R  -  Percent  Spike  Recovery  -  The  cSfference  between  the  rrKitrix  spike 
corxientration  cffxl  the  original  sample  corx:entration  divided  by  the 
concentration  of  the  spike  added  multiplied  by  100. 

3.0  Equipment  | 

3.1  Buck  400  mercometer^rlth  aerator  apparatus,  interfaced  with  a  controling  IBM- 

compatible  PC  with  printer  orxJ  on  A/D  converter. 

32  Compressed  nitrogen  cylinder  with  regulator. 

3.3  S-ml  air  displacement  pipette  with  disposable  tips. 
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3.4  Reagents 

3.4.1  14%  Hydroxylamlne  hydrochtoride/sodlum  chloride  solution  -  Dissolve 
144  grams  of  hydroxylamir^e  hydrochloride  (or  144  grams  of 
hydroxyiomine  sulfate)  arxj  144  grams  of  sodium  chloride  in 
deionized  water  otkI  cfliute  to  10CX)  mL  with  deior^zed  water.  Use 
reagents  that  hove  been  certtfled  to  be  low  in  mercury. 

3.4.2  10%  Stanrxxjs  chloride  solution  -  make  fresh  doily  -  Dissolve  75  grams  of 
stonrvxjs  chloride  in  500  it^  of  deionized  water.  Add  10.5  mi  of 
corcentrated  sulfuric  acid  and  dHute  to  750  ml  with  deionized  water. 

Adjust  reagent  amounts  proportiorKSily  as  necessary  for  different  final 
volumes.  Use  reagents  that  hove  been  certified  low  In  mercury. 

3.4.3  Magnesium  perchlorate  drying  tubes  -  Loosely  fill  magnesium 
perchlorate  between  two  glass  wool  plugs  in  3/4*  OD  by  4*  long 
polyethylene  drying  tubes.  Do  not  pock  to  tightly  to  allow  gas  flow 
through  the  drying  tubes. 

4.0  Documentation 

4.1  The  CVAA  summary  logbook  is  filled  out  during  the  run.  Any  event  or 
observation  or  action  that  is  worth  rwflng  should  be  recorded  in  the  appropriate 
hardbound  logbook  and  on  the  row  data.  When  the  orKilytlcal  day  is  complete, 
a  data  package  for  review  consists  of  ail  raw  data,  and  copies  of  all  related 
logbook  pages.  A  diskette  containing  a  text  file  generated  during  the  rua  the 
name  of  which  is  based  on  the  dote  of  analysis,  should  be  included  for  use  in  the 
data  loading  process. 

5.0  InhouM  ModMccrtiont  to  Referenced  Method 

5.1  Method  7470  Section  7.2  states  that  a  10  ppb  calibration  starxjord  is  to  be  run  for 
the  calibration  cunre.  ARI  does  not  nn  a  10  ppb  calibration  standard  os  our 
instrument  Is  not  linear  post  5  ppb.  Section  8.2  states  that  only  three  starKlards 
and  a  blank  are  needed  for  a  caiibrotton  cunre,  and  ARI  uses  four. 

52  Method  7470  Section  8.2  states  that  calibration  should  be  done  every  hour.  ARI 
calibrates  of  the  sfcrt  of  every  run  and  as  needed  durkig  the  day  If  a  CCV  Is 
outside  of  acceptance  criteria. 
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5.3  Methcxj  7470  Section  7.5  &  Section  8.7  state  ttiot  certain  types  of  sample  be 
analyzed  for  by  using  the  MSA.  API  does  rtot  analyze  samples  by  the  MSA  for 
mercur/. 

5.4  Method  7470  Section  8.6  states  that  one  MSDshotid  be  run  every  10  samples. 

ARi  rKxmolly  orKilyzes  duplicates,  not  a  MSO.  ARI  con  arxsiyze  a  MSO  instead  of 
a  duplicate  per  ciient  request. 

5.5  Method  7471  Section  7.3  states  that  a  10  ppb  cottbrotion  standard  is  to  be  run  for 
the  coiibration  curve.  ARI  does  not  run  a  10  ppb  colttxation  standard  os  the 
Instrument  is  rvst  Hr^eor  post  5  ppb.  Section  8.2  states  that  only  three  standards 
and  a  blank  ore  needed  for  a  calibration  curve,  and  ARI  uses  four. 

5.6  Method  7471  Section  8.2  states  that  coittxation  should  be  done  every  hour.  ARi 
calibrates  at  the  start  of  every  run  and  os  needed  during  the  day  if  a  CCV  is 
outside  of  occeptorKe  criteria. 

5.7  Method  7471  Section  7.6  ar>d  Section  8.7  states  that  certain  types  of  sample  be 
analyzed  for  by  using  the  MSA.  ARi  does  not  orolyze  samples  by  the  MSA  for 
mercury. 

5.8  Method  747 1  Section  8.6  states  that  one  MSD  shrxiid  be  run  every  10  samples. 

ARI  norrTKiily  analyzes  duplicates,  not  a  MSD.  ARi  can  analyze  a  MSO  instead  of 
a  dupiicate  per  client  request. 

6.0  Procedures 

6.1  Method  Description: 

Cold  vapor  atomic  absorption  spectroscopy  (CVAAS)  is  a  methrxt  based  on 
the  absorption  of  radiation  at  253.7  rvn  by  atomic  mercury  vapor.  The  mercury 
present  in  the  sample  is  reduced  to  the  elemental  state  and  aerated  from  the 
solution  by  a  carrier  gas.  The  mercury  vapor  passes  through  a  ceN  positibned  fri 
the  light  path  of  a  mercury  emission  sotffce.  TTte  obsorbortce  of  the  mercL^ 
specific  wavelength  is  measured  to  relate  Ight  absorbance  to  the  mercury 
concentration  present  in  the  sample. 

62  Instrument  and  sample  setup: 

6.2.1  Turn  on  the  Buck  mercury  analyzer  first  to  aHow  a  1  hour  minimum  warm¬ 

up. 
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6.2.2  Install  a  new  drying  tube  otkI  two  new  pieces  of  siHcon  tubing.  Both 
pieces  ewe  16"  long  end  ore  3/8"  OO  ar>d  1/4"  ID.  Or>e  piece  connects  the 
lower  aerator  corv>ection  to  the  drying  tube  and  the  other  piece 
connects  the  drying  tube  to  the  absorption  celi  in  the  mercury  orKiiyzer. 
Make  sure  that  the  drying  tube  is  levei. 

6.2.3  Insert  the  aerator  into  a  BCX3  bottle  containing  about  200  mL  of 

fresh  deionized  water.  This  will  be  coUed  the  "wash  bottle"  throughout  the 
remairKjer  of  this  document. 

6.2.4  After  the  initial  warm-up  time,  set  the  nitrogen  flow  through  the  aerator  to 
51  units  on  the  flowmeter  scale  (silver  boiO-  The  nitrogen  tank  regulator 
should  be  set  to  20  psi.  The  nitrogen  tarrk  should  be  replaced  when  the 
tank  pressure  reaches  300  psi. 

6.2.5  Turn  on  the  hood  exhaust  fan. 

6.2.6  Check  the  wlrxlow  on  either  erxj  of  the  ceil  and  clean  if  necessar 
Optimize  the  cell  position  by  setting  the  %T  to  midscoie  on  the  meter. 
Adjust  the  cell  position  to  nrKwImlze  %T. 

6.2.7  Block  the  mercury  lamp  with  the  bunt  In  swivel  shield.  Set  the  0% 
transmlttorrce  to  0.0  on  *he  %T  scale  using  the  zero  krob. 

6.2.8  Remove  the  shield  and  set  the  100%  transmittance  to  98.0  on  the  %T 
scale  using  the  1(X)%  knob. 

6.2.9  Recheck  the  0%  otkI  98%  transmittance  settings  after  acjjustlng  either 
setting  until  no  further  oc^ustment  is  necessary. 

6.2.10  Prepare  the  samples  and  standards  for  analysis.  Remove  the  gloss 
stopper  from  the  sample  or  stcHndard  and  add  5  mL  of  hydroxylamlne 
hydrochlorlde/sodium  chloride  sokition.  Swirl  the  bottle  intermittently  . 

The  KMn04  will  be  reduced  first  to  MnOZ  a  brown  soikl  then  will  cHssolve 
Into  solution.  The  sample  is  ready  for  orKJlysis  when  all  the  Mn02  has 
been  dissolved.  Make  sure  rio  KMn04  is  left  on  the  stopper  or  stem  of  the 
BOO  bottle. 

6.3  Preparing  the  computer: 

6.3.1  Insert  the  GWBASIC  Mercury  Software  disk  into  the  "A"  drive  of  the 

corrputer  (the  top  drive).  Insert  a  mercury  ddta  disk  into  the  "B"  drive  of 
the  computer  (the  bottom  drive). 
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6.3.2  Turn  on  the  printer,  the  monitor,  ofxj  then  the  computer.  The  computer 
will  outomaticciMy  load  and  start  the  software. 

6.3.3  Enter  the  date  and  time  os  cSrected  on  the  screen.  Enter  your  initials  when 
they  are  requested. 

6.3.4  The  computer  wiH  prompt  whether  the  run  Is  a  CLP  run  or  rx)t.  If  it  is  rwt  a 
CLP  rua  the  computer  wM  prompt  for  a  flier>ame  to  call  the  data  file  to 
store  the  orKiiytical  results  to.  The  format  for  the  name  of  the  disk  file  is 
*6:HGYYMMOO.TXr  where  B:  is  the  disk  drive  destirtation  of  the  file.  HG 
stOTKls  for  mercury.  YY  Is  the  year.  MM  is  the  month.  DD  Is  the  day,  orxj 
TXT  designates  a  text  file. 

6.3.5  If  the  run  Is  a  CLP  rua  there  wW  be  two  files  created  on  the  data  dsk.  The 
first  file  is  used  for  the  WARD  CLP  software  package.  The  format  for  the 
rKvne  of  the  CLP  data  file  is  the  some  os  the  rtormoi  data  file,  except  for 
the  extertsion  on  the  filerKime  is  .CLP  irtsteod  of  .TXT.  The  second  is  the 
normal  file  named  os  above  for  normal  data  processing. 

64  Cortdition  the  instrument: 

Several  stoixiards  must  be  run  through  the  instrument  In  order  to  condition  the 

new  tubing  orxj  drying  tube. 

64. 1  The  computer  wW  prompt  you  whether  you  would  like  to  run  a 
conditioning  sample.  If  yes,  press  the  V  key.  followed  by  the  (Enter)  key. 
(This  will  be  abbreviated  os  "Y(Enter)'  throughout  the  remoIrKter  of  this 
document.)  Pressing  any  other  key  wUI  cause  the  computer  to  go  directly 
into  the  calibration  sequence. 

64.2  Run  the  condHioning  samples,  which  ore  the  previous  mercury  run's 
leftover  calibration  standards,  starting  with  storxjard  4  and  working  bock 
to  stoTKiard  0. 

6.4.3  Insert  the  aerator  kito  each  starxjarcL  wait  about  1 5  seconds  to  purge  the 
headspace  of  the  bottle,  orxj  then  press  any  key  on  the  computer 
keyboard  to  start  taking  boseRne  readings. 

6.4.4  While  the  10  boseliriereadirigs  ore  tcd(ea  fM  a  5^L  pipette  with  stonrxxjs 
chloride  solution.  When  the  computer  "beeps*,  quickly  withdraw  the 
aerator,  pipet  the  5  mL  of  stannous  chloride  directiy  into  the  sample,  orxj 
replace  the  aerator  tightly. 
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6.4.5  After  the  computer  has  taken  cri  of  the  data  readings  (about  30  seconds), 
remove  the  aerator  ar>d  Insert  it  into  the  wash  bottle.  Press  any  key  to 
continue. 

6.4.6  The  result  of  the  analysis  win  be  displayed  ortd  printed.  The  overage  of 
the  10  baseline  readings,  the  row  peak,  arvj  the  peak  height  (row  peak  - 
baseline)  will  be  cisployed.  Press  any  key  on  the  computer  keyboard  to 
move  on  to  the  next  step. 

6.4.7  The  computer  will  return  to  step  6.4.1  of  this  section  until  you  do  rvDt  want  to 
run  any  more  conditioning  samples.  The  computer  wW  continue  on  to  the 
calibration  step  when  you  ore  through  running  coixjitionirtg  standards. 

6.5  Calibration; 

The  computer  will  prompt  if  you  want  to  calibrate  the  instrument  from  a  disk  file 
containing  a  previously  saved  calibration  curve,  from  keyboard  (mortuolly 
typing  in  calibration  starKiords  results),  or  from  analyzing  calibration  startdards 
on  the  instrument.  The  instrument  is  normally  calibrated  by  running  calibration 
stoTKlards.  The  instrument  might  be  calibrated  from  a  saved  disk  file  curve 
because  a  computer  problem  may  cause  the  program  to  holt  (losing  the 
calibration  cun/e)  atxl  the  mercury  rtn  Is  r>ot  completed.  This  is  rKxmally  the  only 
time  calibrotkig  from  a  file  would  be  used.  C^broting  from  the  keyboard  is  used 
in  the  cose  that  the  calibration  was  not  saved  to  a  dskfNe  and  the  calibration 
needs  to  be  recovered. 

6.5.1  Disk  Colttxation; 

If  you  want  to  calibrate  the  instrument  from  a  previously  saved  calibration 
curve,  select  "P  (for  (F)lie),  The  computer  win  prompt  for  the  name  of  the 
file  containing  the  calibration  curve  data.  TypeintherxsmeofthefHeand 
the  computer  will  load  and  cdculote  the  curve.  Proceed  to  step  6.5.3. 1 1 . 

6.5.2  Keyboard  Calibration; 

If  you  wont  to  calibrate  the  instrument  from  the  keyboard,  select  V  (for 
(K)eyboard).  The  computer  wW  prompt  you  ft>r  the  concentration  of 
each  stOTKlard  arxj  the  blank  (In  ppb).  and  the  peak  heic^t  for  that 
standard  or  bkvtk.  When  the  lost  storidard  has  been  typed  In,  the 
computer  will  calculate  the  cun/e.  Proceed  to  step  6.5.3. 1 1 . 


Mercury  Cold  Vapor  ArKilysis 
513S 


Revision  2 
7/5/94 
Page6of  15 


6.5.3  Standard  Calibration: 

If  you  want  to  calibrate  the  Iretrunent  by  running  calibration  stcrtdards, 

select  *r  (for  (l)nstTument).  Thfe  is  the  rormal  method  of  calibration. 

6.5.3. 1  The  first  step  in  the  calibration  routine  is  to  ancriyze  a  calibration 
blank.  Insert  the  aerator  into  a  coKbrotion  blank,  artd  follow  the 
analysis  procedure  as  previously  described  above. 

6.5.3.2  The  computer  will  prompt  if  the  blank  is  acceptable  (see  rorige 
below).  An  answer  of  "YfEnter)*  will  accept  the  result  and  move  on 
to  the  next  step.  Any  other  answer  will  cause  the  corTputer  to 
repeat  the  calibration  blank  arxiiysis. 

6.5.3.3  After  the  calibration  t^nk  has  been  analyzed,  the  computer  will 
prompt  for  the  cortcentrotion  On  ppb)  of  the  fou  calibration 
standards.  Normoity  these  concentrations  are  0.5, 1 .0, 2.0  and  5.0 
ppb. 

6.5.3.4  When  all  four  corKentrotions  ore  entered,  the  computer  will 
cHsplay  the  four  corKentrotions  arvd  prompt  for  verification  of  the 
values.  Entering  "Y(Enter)*  will  accept  the  values  ar>d  rrvove  on  to 
the  next  stop.  Any  other  arvwer  will  repeat  step  6.5.3.3  of  this 
section. 

6.5.3.5  The  computer  wW  request  the  arxjiysis  of  each  of  the  four 
calibration  standards,  starting  with  the  lowest  corjcentrotlon  first. 
Follow  steps  6.5.3.6  through  6.5.3.8  for  each  of  the  four  standards. 

6.5.3.6  Insert  the  aerator  info  the  appropriate  calibration  standard,  and 
follow  the  orxilysis  procedure  os  previousiy  described  above. 

6.5.3.7  Check  the  peak  height  result  with  the  rxxmol  result  for  each 
stcndord  and  the  blank.  The  actual  result  should  foil  close  to  the 
rKDrmcN  range.  The  rcnges  ore: 


Peak  Height 

SforKlord  0 

OX) 

0-10 

Standard  1 

05 

7096 

StarKlard2 

IX) 

140190 

StarKiard3 

2X) 

300400 

Standard  4 

5.0 

650650 
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6.5.3.8  The  computer  wilt  prorrpt  if  tfie  stanclard  is  cx^ceptobie.  Enter 
*Y(Enter)"  to  accept  the  result  orxj  move  on  to  the  r>ext  step.  Any 
other  answer  will  cause  the  computer  to  return  to  stop  6.5.3.6  of  this 
section  in  order  to  reanalyze  a  calibration  stondcvd  of  the  some 
concentration. 

6.6.3.9  After  accepting  the  results  of  the  startdarcl  the  computer  will 
repeat  steps  6.5.3.6  to  6.5.3.8  for  the  rtext  starxjard. 

6.5.3.10  After  staixiard  4  has  been  accepted  the  computer  wUI  ccdcuiote 
a  secorxj  order  least  squares  best  fit  for  the  starxlard  curve  and 
will  then  display  the  "apparent  concentrations"  of  the  calibration 
standards.  All  the  storKtords*  apparent  corxjentrotions  except  for 
the  lowest  starxlard  must  be  within  5%  of  their  true  value.  The 
lowest  standard  should  be  within  1 0%  of  its  true  value.  The 
calibration  blank  should  be  within  0. 1  ppb  of  zero.  See  the 
acceptable  rong^  below.  Press  any  key  on  the  computer 
keyboard  to  move  on  to  the  next  step. 


Acceptable  apparent  concentration  -  ppb 


Standard  0 
Standard  1 
Starxjard  2 
Starxjard  3 
Standard  4 


■0.1  to  0.1 
0.45  to  0.56 
0.95  to  1.06 
1.90  to  210 
4.76  to  525 


6.5.3. 1 1  The  computer  wIN  grcphicalty  display  the  calibration  standards 
orxj  the  fitted  curve. 

6.5.3.12  If  the  coittxation  curve  is  rot  acceptable,  do  rx>t  save  the  curve. 
The  computer  wifl  prompt  whether  to  continue  or  start  over. 

Select  the  start  over  optioa  orxj  recaHbration  is  possible. 

6.5.3.13  If  the  cunre  is  acceptable,  save  the  curve  to  a  disk  file.  Saving  the 
curve  to  a  file  wil  aHow  you  to  recoil  from  the  dsk  the  colibratton 
cunre  if  a  computer  error  occurs  arxj  the  Basic  program  crashes 
during  the  run.  The  format  tor  the  name  of  the  starxjard  ciweflie 
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is  the  same  cb  the  normcd  data  file,  except  the  extension  on  the 
filename  is  .CUV  instead  of  .TXT.  Select  continue  when  pxompted 
to  proceed  to  analyzir^g  samples. 

6A  Analysis: 

6.6.1  Press  any  key  to  begin  the  scrnple  analysis  roufirte.  Follow  steps  6.4.3  to 
6.4.6  for  each  sample  that  is  oryslyzed.  Begin  filling  out  mercury  orKdysis 
summary  logbook.  Refer  to  the  Mercury  QA/QC  section  (below)  as 
needed  for  arKdysIs  run  quality  control  requirements.  The  typical  run 
sequence  is  os  follows:  ICV,  ICB.  10  samples,  CCV,  CCB,  10  samples,  CCV, 
CCB,  etc. 

6.6.2  Enter  the  ARI  sample  desigrKStion  of  the  sample.  The  designation  for 
client  samples  must  be  of  the  forrrrat  *C368  A  SCM*  (Job,  one  space, 
sample,  one  space,  prepcode)  to  be  read  properly  during  the  mercury 
data  file  data  processing.  The  sample  designation  for  calibration  check 
standards  otkI  blank  storKlords  is  not  important  for  the  data  processing. 
The  compKJter  file  is  editable  to  correct  sample  desigrKition  mistakes 
during  the  data  processing  step.  Make  o  r>ote  of  sample  desigrtotion 
corrections  on  the  row  data  otkI  In  the  logbook. 

6.6.3  Insert  the  aerotor  into  the  sample,  and  foHow  the  orKilysis  procedure  as 
previously  described  in  the  runrting  conditioning  standards  section. 

6.6.4  The  result  of  the  arxsiysis  will  be  displayed  and  printed.  The  average  of 
the  10  baseline  readings,  the  row  peak,  and  the  peak  height  (row  peak  - 
baseline)  will  be  displayed.  The  concentration  of  the  sample  On  ppb) 
calculated  from  the  calibration  curve  rounded  to  two  places  post  the 
decirTKil  will  be  displayed,  if  the  sample  is  below  the  instrument  detection 
limit  (0.1  ppb),  a  U  win  also  be  cfisplayed  after  the  concentration. 

6.6.5  When  finished  reviewing  the  sonple  result,  press  any  key  to  continue. 

6.6.6  The  computer  will  prompt  you  to  enter  the  next  sample  designation. 

Type  In  the  next  sample  desigrxstion  and  repeat  the  orxslysls  proceckjre. 

6.6.7  Every  20^  onotyses  replace  the  drying  tube  with  a  fresh  one.  This  Is  to  be 
done  after  a  CV/CB  pair  and  before  another  CV/CB  pair  to  verify  the 
irtsfrument  perforrrKince  before  and  after  the  drying  tube  change.  Turn 
off  the  nitrogen  gas  flow  whHe  replacing  the  drying  tube. 
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6.6.8  To  exit  the  program  «  jrKl  end  the  run.  type  "END"  instead  of  a  sample 

desigtTation.  The  computer  will  exit  the  program.  The  mercury  run  is  then 
flnished,  go  to  the  shutdown  procedures. 

6.7  Shutdown  procedures: 

6.7. 1  Take  the  disks  out  the  computer  disk  drives,  arxj  turn  off  the  computer 
aixj  printer. 

6.7.2  Turn  off  the  nitrogen  gas  flow,  the  exhaust  faa  and  the  mercury  orKiiyzer. 

6.7.3  Keep  orte  set  of  leftover  calibration  startdards  r^eor  the  instrument  for  use 
as  cortditioning  samples  for  the  r^xt  run. 

6.7.4  Copy  the  pages  from,  rhe  mercury  sample  logbook  for  the  artaiysis  rua 
arKt  place  the  assembled  row  data  prep  sheets,  logbook  poges  artd 
disk  in  the  data  review  bkr. 

6.7.5  Neutralize  arKilyzed  samples  cvKi  stcndords  with  NoOH  In  the  hood  and 
pour  down  the  drcrin.  Any  sample  with  greater  than  200  ppb 
concentration  of  mercury  in  solution  should  be  poured  in  the  hazardous 
waste  container. 

6.8  Detection  Limit: 

6.8. 1  Instrument  Detection  Limit  (IDL);  The  instrument  detection  Hmlt  ODL)  is 
determined  quarterly  for  each  element  os  described  by  CLP  protocols. 

An  IDL  solution  is  prepared  at  3  times  the  IDL  aixj  artolyzed  os  a  sanrple 
seven  times  each  day  on  three  norvconsecutive  days.  The  starKtard 
deviation  of  the  seven  samples  is  calculated  on  each  day.  and  the  sum 
of  the  three  days'  starxiard  deviations  is  the  IDL.  In  actuattty.  the  IDL 
determIrKition  result  for  mercury  is  below  our  stated  IDL  of  0. 1  ppb. 

6.9  Maintenance 

6.9.1  All  maintenance  should  be  noted  in  the  mercury  mainterxjrxe  logbook. 

A  CV/CB  pair  should  be  run  before  arxi  after  any  maintenance  done 
during  an  analytic  run.  If  this  ccr»rx>t  be  done  the  Instrument  must  be 
recalibrated  before  any  oddltiorKri  samples  con  be  analyzed. 

6.9.2  If  the  cell  hos  any  deposits  In  it  from  drying  tube  magnesium  perchlorate 
dust,  it  should  be  cleoned.  Take  the  ceil  out  of  the  analyzer  and  sonicate 
it  ftx  15  mirujtes  in  a  weak  detergent  solution.  Rinse  the  cell  weH  with  Dl 
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water  and  dry  thoroughly,  usir^  a  drying  oven  if  needed,  before 
reinstalling  in  the  analyzer. 

6.9.3  If  the  baseline  starts  changing  during  the  run,  or  the  absorbarrce  intensity 
readings  for  the  calibration  standards  start  changing,  the  light  source  is 
probably  failing  and  r>eeds  to  be  repiaced.  Replace  the  light  source  with 
a  new  one. 

7.0  Review 

The  CVA  data  is  reviewed  by  the  analyst  during  the  sample  analysis  run.  For  each 
sample,  the  instrument  operating  software  displays  graphically  the  peak  and  prints  out 
peak  baseline,  raw  peak  height,  rtet  peak  height,  and  concentration  results.  The  arxilyst 
reviews  the  data  for  high  sampies,  boselir^  changes,  QC  samples  in  or  out  of  control 
limits,  and  method  blank  contamination. 

7.1  Raw  data  review 

Note  on  the  row  data  and/or  an  Arvalyst  Notes  Sheet  any  comments  on 
instrument  problems,  delays,  unusual  occurrences,  etc.  Check  for  any  potential 
problems  ar\d  especially  check  the  Instrument  QC  checks,  matrix  duplicates 
RPD,  matrix  spike  %R,  and  reference  recoveries,  as  described  in  section  8.0. 

7.2  CVAA  sample  logbook  review 

Copy  the  appropriate  CVA  sample  logbook  pages  which  correspond  with  the 
raw  data.  Check  every  sample  label  Qob  number,  sample  letter,  prepcode) 
and  dilution  factor.  Highlight  the  client  sample  edits  and  sample  analysis 
deletions  so  they  are  not  missed  during  the  data  loading  process. 

8.0  Qudlty  Control 

8. 1  Calibration  Verification  Standard  (CV)-  At  the  beginning  of  the  mercury  ttln,  after 

every  10  samples,  and  at  the  end  of  the  rua  a  CV  standard  must  be  run.  The  true 
corrcentration  of  the  CV  starKlard  Is  3.0  ppb.  The  result  of  the  arxsiysis  must  be 
within  20%  of  the  true  vcilue  (between  2.4-3.6  ppb).  If  a  CV  Is  outside  of  these  limits, 
the  previous  samples  run  since  the  last  good  CV  should  be  reprepped  and  rerun. 
The  instrument  should  be  recalibrated  offer  any  potentiol  problems  have  been 
corrected  if  another  mercury  run  is  to  be  attempted. 
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Calibration  Blank  Stonckard  (CB)  -  Immecfiotely  after  every  CV  standard  a  CB 
standard  must  be  run.  The  result  of  the  artalysis  should  be  between  0. 1  and  -0. 1 
ppb  (1  IDL).  If  a  CB  is  outside  of  these  limits,  the  previous  samples  run  since  the 
last  good  CB  should  be  reprepped  and  rerun.  The  instrument  should  be 
recalibrated  after  any  potential  problems  hove  been  corrected  if  orxather 
mercury  run  is  to  be  attempted. 

8.3  If  a  break  longer  than  orte  half  hour  occurs  in  the  midcfle  of  a  mercury  rua  a 
CV/CB  should  be  run  before  the  break  and  first  thing  after  the  break. 

8/4  Spike  recovery  (%R)  -  The  spike  amount  for  mercury  in  the  digests  is  equal  to  1 .0 
ppb.  To  calculate  the  spike  recovery,  subtract  the  bockgrouKl  sample  result 
from  the  spiked  sample  result,  divide  by  the  spike  added  and  multiply  by  100: 

%R  =  (soiked  sample  result -background  sample  result)  X  100 

spflce  added 

EXAMPLE;  ZXXX  ASPK  TMM  has  a  result  of  1 .67  ppb.  ZXXX  A  TMM  has  a  result  of 
0.86  ppb.  The  spike  amount  is  1 .0  ppb.  The  formula  to  calculate  the  %R  is: 

%R  =  (1.67ppb-0.85ppb)  X  100  =  82.0% 

1  ppb 

If  the  background  sample  result  is  4X  greater  than  the  spike  added,  the  %R  result 
does  not  matter  for  quality  control,  otherwise  the  %R  should  be  between  75- 
125%. 

8.5  Duplicates  (RPD-RelatIve  Percent  Difference)  -  The  RPD  between  a  backgrourKi 
sample  arxj  Its  duplicate  should  be  no  greater  than  20%,  provided  the  arralysis 
result  Is  above  0.4  ppb.  The  formula  to  calculate  the  RPD  of  a  backgrourKi 
sample  and  its  duplicate  is; 

RPD  =  I  fbackaround  result  -  duplicate  resultl  I  X  100 
(backgrourKi  result  +  duplicate  result)/2 
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EXAMPLE:  ZXXX  A  TMM  has  a  result  of  0.86  ppb.  ZXXX  AOUP  TMM  has  a  result  of 
0.99  ppb.  TheRPDIs: 


RPD=  l0.86DDb-0.99cx3bl  X  100  =  14.1% 

(0.86  lapb  +  0.99  ppb)/2 

If  the  bockgrouixt  sample  result  is  \r  ppb.  then  the  difference  between 

the  bockgrourtd  sample  result  otkI  the  aupiicate  result  should  be  rx>  greeter  than 
0. 1  ppb,  orxj  the  RPD  is  rK>t  used  for  quality  control. 

8.6  If  a  duplicate  or  spike  is  out  of  control,  the  samples  should  be  reprepped, 
possibly  at  a  dilution  if  a  water  sample,  and  reorxslyzed.  FIN  out  a  yellow 
corrective  action  form.  If  the  problem  persists  in  the  rerua  the  sample  rtKay  not 
be  homoger^us.  Reprep  and  reanaiysis  may  not  be  possible  due  to  Hmited 
sample  volume  aixl/or  short  turrvcirourxl  time  requested  by  the  client. 

8.7  If  a  sample  is  very  high  in  mercury,  on  instrument  dilution  rrusy  be  necessary. 
Water  samples  will  normally  be  diluted  during  the  preparation  of  the  sample,  but 
sometimes  they  mig^t  be  diluted  at  the  lr»stiument  also.  To  perform  an 
instrument  dilution  an  extra  blank(s)  Is  necessary.  The  appropriate  arrxjunt  of 
solution  is  removed  from  a  blank,  and  the  same  volume  of  sample  is  added  to 
the  blank  to  make  the  dilution.  Consult  the  following  table  to  determitTe  the 
proper  amount  of  blank  and  sample  for  each  prep  type  and  dilution  factor. 


Dilution  SCM  Digest  Water  or  SWM  Digest 


1/2 

72.76  mb 

67.75  mb 

1/3 

48.50 

45.17 

1/5 

29.10 

27.10 

1/10 

1456 

13.56 

1/20 

72& 

6.78 

1/60 

291 

271 

1/100 

1.36 

1/200 

0.73 

0.68 
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8.8  After  a  sample  contairyr>g  a  very  high  cor»centratlcxi  of  mercury.  It  Is  a  good  Idea 
to  let  the  instrument  purge  with  nitrogen  for  about  five  minutes.  Running  a  blank 
will  test  the  instrument's  corKlition;  whether  the  whole  tubing/glass  pieces  etc. 
are  contaminated  with  mercury.  It  has  happened  that  a  very  high  sample 
required  the  whole  instrument  to  be  broken  down  and  cleaned  out. 

9.0  Corrective  Actions 

9.1  Calibration.  If  the  calibration  does  rrot  meet  the  criteria  in  sectlorw  6.5.3. 7  arxj 
6.5.3.10,  then  corrective  action  may  r^eed  to  be  taken  before  proceeding  with  re- 
standardization.  The  variable  nature  of  CVAAS  (which  is  why  CV  Bmits  are  20% 
instead  of  10%)  may  cause  calibration  curves  to  fail  to  meet  criteria  without  an 
irrstrument  problem.  In  these  coses  all  that  is  required  is  to  recalibrate  the 
ir^trument  again.  Instrument  problems  that  require  corrective  action  before 
recalibration  could  ir>clude  gas  flow  leaks,  drying  tube  material  being  packed 
too  tightly  to  allow  gas  flow,  light  source  failure,  cell  misalignment,  or  irtcorrect 
calibration  starKlards  preparation. 

9.2  QC  solutions.  If  a  QC  solution  result  Is  out  of  control  limits,  then  corrective  action 
should  be  taken  before  proceedirrg  with  arxslysis.  This  could  Involve 
repreporatlon  of  calibration  storKlards  arid  recalibration,  or  other  corrective 
action  os  described  in  section  9.1 

9.3  Instrument  malfunctions.  When  instrument  malfur>ctions  occur,  consult  with  other 
experienced  CVAA  operators  or  the  supervisor  for  guidance.  The  mainterxjnce 
logbook  and  the  service  manual  could  be  helpful  for  troubleshooting. 

9M  CVAA  inhouse  software  crashes.  The  mercury  controlling  software  is  written  in 
GWBASIC.  GWBASIC  is  prone  to  'crashing',  for  irrstance,  if  the  printer  runs  out  of 
pap>er  and  goes  offline  the  progrc^  will  crash  when  it  tries  to  print  next  ir^eod  of 
alerting  the  anotyst  to  the  "orjf  of  pxsper*  situation.  The  mercury  pvo^am 
therefore  allows  the  orrolyst  to  save  the  calibration  results  to  a  computer  text  flie 
and  recall  the  calibration  curve  from  that  file  in  the  event  of  a  program  crash. 

10.0  Miscelkineou*  Note*  aiKl  Precautions 

10.1  The  mercury  samples  arrd  reagents  contain  strong  oxidizing  and  reducing 
com|30unds.  The  mercury  reagents  ore  mode  in  excess,  that  Is,  the 
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concentration  of  the  reagents  is  very  high  to  drive  the  reaction  eciuUttxium 
equation  to  one  side  or  the  other.  Therefore,  the  solutions  must  be  handted  with 
cdre  arid  proper  safety  equipment  must  be  worn  at  all  times.  Gloves,  safety 
goggles,  and  a  labcoat  for  protection  ore  a  must. 

10.2  The  work  area  must  be  kept  clean  to  elimirvate  the  possibility  of  contomirKition. 
arxJ  also  as  a  safety  issue  to  protect  ttie  analyst  from  the  hazards  of  the 
reagents,  os  described  in  section  10.1. 

10.3  Care  must  be  taken  in  the  analysis  procedure,  as  rr^ercury  is  a  'one-shof 
arKilysis.  If  an  analysis  is  invalid  for  whatever  reason,  the  sample  must  be 
redigested  to  be  rearKslyzed. 

1 1 .0  Method  References 

11.1  USEPA,  Test  Methods  for  Evaluating  Solid  Waste,  SW-846,  Volume  lA.  Method 

7470,  November  1992. 

1 1.2  USEPA,  Test  Methods  for  Evaluating  Solid  Waste,  SW-846,  Volume  lA.  Method 

7471,  November  1992. 

12.0  ApperKlicet 

N/A 


S. 
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Standotd  Op«rallng  Proc«dur« 

Wat«r  Extfoction 

Chiorlncit«d  PMlfcidM/Pof^hlOfinqtod  Mph«nyis  (PEST/PCB) 

IX)  Scop«  and  Appicallon 

1.1  This  method  details  the  extraction  of  water  samples  in  preparation  for 
organochlorine  pesticides  and  potychiorinated  biphenyls  orKiiysis. 

2X)  OeflnMont 

2.1  Surrogates  -  known  quantities  of  compourtds  added  to  oH  samples  and  bicnks  to 
evaluate  extraction  efficiency. 

2.2  Matrix  Spike  -  kr>own  quantities  of  selected  analytes  added  to  a  sample  to 
evaluate  the  effect  of  sample  matrix  on  artaiyte  recovery. 

2.3  LCS  (Laboratory  Control  Sample)  -  a  blank  fortified  with  known  quantities  of 
selected  orKilytes  to  rTK)nitor  extraction  efficiency. 

stopper  and  PTFE  stopcock. 

3.3  Kuderrxi-Danlsh  corrcentrating  apparatus  (10  mL  concentrator  tube.  500  mL 
concentrator  flask  urxj  3  boll  Snyder  column). 

3>1  25  X  340  mm  drying  column. 

3.5  1 000  mL  graduoted  cyilrKler. 

3j6i  ■  tOT293nyw  micro  column. 

3.7  Gbss  wool  prepared  by  baking  in  Idn  at  300“  C  for  4  hours. 

3.8  Methylene  Chloride,  hlgh^p‘^ri^ 

3.9  Hexane,  pesticide  grade. 

3.10  Anhydrous  sodium  sulfate,  prepared  by  baking  in  Min  at  400°  C  for  8  hours. 

3. 1 1  ION  sodium  hydroxide  solution  and  1 : 1  sulfuric  acid  solution. 


3j0  Equipment 
32  ^»0mi  Eitenmeyer  flask. 
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3. 12  Surrogate  and  matrix  spike  solutions. 

3.12.1  Surrogate  arxj  spike  solutions  composed  as  follows: 


Component 

Concentration 

Surrogate 

Decachlorobibhenyl(DCBP) 

2  nO/fT»>- 

Tetrachloro-m-xylene  (TCMX) 

2  jig/mt 

Pest  Spike 

Gamma  BHC 

5  ng/mL 

Heptochlor 

5  ng/mL 

Aldrin 

5  ^g/mL 

Dieidrin 

10  ng/mL 

ErKlrin 

10  jig/mL 

DDT 

10  ng/mL 

Delta  BHC 

5  jig/mL 

4,4*-DDE 

10  >ig/mL 

4,4*-DDD 

10  jxg/mL 

PCB  Spike 

Arocior  1260 

80  ^g/mL 

3.13  Deionized  water  (Bomsteod  E-pure.  4  Module  D4641 ) 

3.14  Brood  range  pH  paper. 

3.15  Florisil.  (See  Florisil  cleanup  SOP). 

3.16  Boiling  chips  -  Teflon  (Chemware) 

3.17  Scintillation  vials:  20  mL  w/ Aluminum-lined  caps 

3. 18  Water  bath  set  at  80“  C  -  85®  C  (capable  of  temperature  control  ±5“  C) 

3.19  N-Evap  -  Analytical  Nitrogen  Evaporator. 

3.20  Yellow  label  tape. 

3.21  Vials:  2  mL  clear  w/ crimp  top  for  GC  autosarrpier. 

3.22  IX^LI  mL  and  10.0  mL gastight  Harr^tton syringes 

3.23  Personal  protective  wear(gloves,  goggles,  lab  coot) 

40  Documentation 

4.1  Pest/PCB  berxjh  sheet. 

&0  In-house  Modfflcations  to  Referenced  Methods 

5.1  Section  1.1:  ARI  does  not  use  method-referenced  concentration  techniques  4.3.4 
and  4.3.5,  and  4.9  has  been  revised. 
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52  10.0  mU  1.0  mL  c»Kl  100  syringes  ore  used.  See  method  3510B  for  more 

information. 

5.3  Section  6. 1 3  (method  section  7. 10.3):  The  exchange  procedixe  has  been  revised. 

54  Section  6.15  (method  7.1 1.2):  No  wa^  is  used  with  the  nitrogen  evaporator. 

40  Procedures 

6.1  Review  special  analytical  requirement's  sheet  prior  to  extroctirig  sarrples  to 
determine  if  specioi  procedures  are  required.  See  Section  7.2. 

62  RH  out  bench  sheet  for  Job.  See  attached  example.  Label  each  separatory  ftxv^el 
with  a  piece  of  yellow  label  tape  vdth  the  foNowirH)  information:  job  number, 
sample  identification  letter,  matrix  ID.  type  of  extroctioa  and  for  the  blanks,  the 
date. 

6.3  Warm  samples  to  room  temperature,  orxj  use  graduated  cylinder  to  measure  1 
liter  of  sample  otkI  quontitottvely  trartsfor  it  to  a  separatory  furmei  labeled  with  the 
sample  10.  Repeat  for  each  sarrfole.  Prepare  or«  separatory  funr^el  with  organic 
free  water  for  use  os  a  method  blank  and  one  for  use  as  the  Laboratory  Cfontrol 
Sample  (LCS). 

6.2.1  When  labeling,  use  'PEST' for  Pest/PCB  extraction's  and ‘PCB' for  PCB. 

64  Use  brood  range  pH  paper  and  10  N  sodium  hydroxide  solution  or  1  ;1  sulfuric  acid 
solution  to  adjust  the  pH  of  each  sample  (and  both  blanks)  to  a  range  of  5  to  9. 
Record  pH  on  bench  sheet. 

6.5  Add  sufficient  surrogate  solution  (1(X>>L)  to  each  somole  (and  both  blanks)  to  result 
in  a  final  concentration  of  0.2  ^g/mL.  As  per  Section  8.4.  to  verify  that  surrogates 
ore  accurate,  surrogates  will  be  witnessed  by  another  lab  technician. 

64  Add  sufficient  matrix  spike  solution  (1(X)  ^L  for  pesticldesX125|iL  for  PCB's)  to  the 
LCS.  and.  if  a  matrix  spike  and/or  motrix  spike  duplicate  are  required,  to  any  QC 
samples  to  result  in  a  final  corK:entration  of  0.5  and  1 .0  iig/mL  for  Pest,  arxjlytes  otkI 
10.0  ng/mL  for  PCB.  As  per  Section  8.4.  to  verify  that  matrix  spiking  is  accurate, 
spikfog  will  be  witnessed  by  arx>ther  lab  technician. 

6.7  Add  60  mL  of  methylene  chloride  to  each  sample  bottte.  then  pou  rireote  into 
each  corresponding  separatory  funnel. 

6.8  Seal  and  shake  the  separatory  funnels  vigorously  for  2  minutes,  using  periodic 
venting  to  release  excess  pressure. 
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6.9  Allow  the  organic  and  aqueous  layers  to  separate.  Drain  the  entire  orgor^  layer 
(Irxrluding  any  emulsion)  into  an  Erienmeyer  flask  labeled  with  the  sample  ID. 
Check  Sample  ID. 

6.10  Repeat  steps  6.6  through  6.8  two  more  times.  If  emulsion  is  present.  It  must  be 
broken  up  by  whatever  mechanical  means  necessary  until  all  rK>n  organic 
materioi  (water,  silt,  etc.)  is  removed  from  the  extract.  (See  Corrective  Actions, 
section  9.0)  Drain  organic  layer  artd  odd  to  the  corresporKHng  Erienmeyer  flask. 
Transfer  the  scvnpte  ID  label  to  the  flask. 

6.11  Assemble  a  Kudemo-Danish  (K-D)  concentrator  by  attaching  a  rinsed  10  mL 
corK:entrator  tube  with  methyler>e  chloride  to  a  rinsed  with  methylene  chloride  500 
mL  evaporation  flask.  Prepare  a  drying  column  by  putting  a  glass  wool  plug  Inside 
at  the  rKirrow  erxj  and  flIHrtg  the  column  with  anhydrous  sodium  sultate  to  a  bed 
height  of  opproxirTKitely  10  cm.  Rinse  the  prepared  column  with  30  mL  methylene 
chloride  once. 

6.12  Transfer  the  sample  ID  label  to  the  K-D.  Dry  the  extract  by  possfrig  it  through  the 
drying  column  otkI  collecting  it  in  the  K-D  concentrator.  Rinse  the  Erienmeyer  flask 
three  times  with  methylene  chloride  and  odd  this  to  the  column  as  well.  OrKJe  the 
entire  extract  has  passed  through  the  drying  columa  rinse  the  column  with  15  mL 
methylene  chloride.  Check  sample  I.D. 

6.13  Remove  drying  column,  add  2  or  3  clean  boiling  chips  to  the  cor>centrator  flask, 
attach  a  three  boll  Snyder  column,  and  put  entire  apparatus  on  a  water  both  set  at 
approximately  80®  C.  Wet  the  inside  of  the  Snyder  column  with  1  to  2  mL  of 
methylene  chloride  before  boiling  starts. 

6.14  Once  the  extract  reaches  4  to  6  mL  the  solvent  is  exchanged  to  hexane  by 
flushing  the  Snyder  column  with  about  10  mL  of  hexane.  Once  the  extract  again 
reaches  4  to  6  mU  remove  the  appcxatus  from  the  water  both.  Place  the  K-D  in  the 
rock  and  allow  to  cool  for  at  leost  10  minutes. 

6.15  Remove  Snyder  column,  remove  all  water  from  the  Joint  between  the  flask  otkI  the 
concentrotcx^  tube  with  a  kimwipe.  end  cfisossemble  the  tube  arxt  flask.  Rinse  the 
lower  joint  of  the  flask  Into  the  tube  virith  hexane.  Do  not  over  All  the  tube.  Transfer 
the  sample  ID  label  to  the  tube. 
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6.16  Mount  the  tube  on  a  nitrogen  evaporator  arxj  acHust  the  flow  of  gas  such  that  with 
the  needle  1  to  2  cm  above  the  surface  of  the  extract  a  small  irtdentation  con  be 
seen  in  the  surface  of  the  extract.  If  there  is  bubbling  or  spioshirtg  the  flow  Is  too 
high.  If  there  is  no  irKlentatlon  visible  the  flow  is  too  low.  Cortcentrate  to  less  than 
lOmL  and  take  1  mL  of  10  mL  through  Fkxlsll. 

6.17  Proceed  with  Fkxisil  cleanup.  See  Florisil  starxlard  procedure. 

6.18  After  clearvup.  bring  the  extract  to  1 .0  mL  final  volume  by  Nitrogen  concentration 
or  by  oddirig  hexane,  and  place  the  extract  into  a  clear,  crimp  ccp  auto  samp>ler 
viol  (labeled  w/sampie  ID)  for  orKilysis. 

7i)  Review 

7.1  The  Organic  Extraction's  Supervisor  will  review  all  bench  work  and  bench  sheets 
before  distribution. 

7.2  Review  project  documentation  (special  analytical  requirements,  etc.)  prior  to 
extracting  samples  to  determine  if  special  procedures  ore  required. 

&0  QuoMy  Control 

8.1  One  method  blank  will  be  extracted  for  each  botch  of  20  or  fewer  samples. 

8.2  One  LCDS  (spike  blank)  will  be  extracted  for  each  batch  of  20  or  fewer  samples. 

8.3  One  MS/MSO  wlil  be  extracted  for  each  parameter  after  every  20  samples  of 
similar  matrix  and  level  (sample  volume  permitting). 

8A  To  verify  that  surrogate  and  matrix  spiking  is  accurate,  spiking  will  be  witnessed  by 
another  technician. 

9J)  Corrective  Actiont 

9.1  See  Corrective  Action  Charts,  section  12.1 .. 

IOlO  Miscelianeout  Notes  and  Precoutiont 

10.1  Constant  attention  must  be  given  when  watching  K.D.'s  on  water  baths,  when 
extract  are  below  the  surface  of  the  water  both  so  they  do  not  boil  dry. 

10.2  When  blowing  down  extracts  on  the  N-Evap  a  time  should  be  used  to  remlrxi  the 
artcdyst  of  the  volumes  so  extracts  will  not  blow  dry. 

10.3  The  spring  that  goes  cvound  the  N-Evap  must  be  stretched  out  when  placing  on  or 
taking  off  consentrator  tubes  to  ovoid  snapping  off  the  bottom  halves  of  the 
coricentrator  tube  which  could  result  in  loss  of  extract. 
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Ill)  M«lliod  RctorancM 

11.1  U.S.  ERA.  "Separatory  Furviel  Uquid-Uquid  Extraction",  (SW-846).  Method  3510. 

Revision  1,  July,  1992. 

12D  Appendice* 

121  Corrective  Action  Charts. 
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EXTRACTION  •  PEST/PCB  •  WATER 


ARI  Job  No:  F.U  ik  RiT  ^oB 


aiont  Nofne:  Fill  in  d(lf»f 
Client  Project;  Fill  iV  CItot  fn'je  t+ 


Dale:  fiU  iVc 

Extraction  Storage 
Location: 

Rev.  2 

3018F  02/15/94 

.«r»iTC  /HwW  ^  -Me.  cvifA  f 


Surrogate  Amount:  _ 
Concentration:* 


IQOmL 


Added  By: 
ID: 


lOOvit 


Spke  Amount: 
Concentration: 


Added  By: 
ID: 


<terwteH/Spk  Witness  I 
_ _ 

Witness  t 


CORRECTIVE  ACTION  FOR  EMULSIONS 


Corrective  Action  for  Loss  of  Sample  on  Water  Bath  or  N-Evap 


Corrective  Action  for  Extract  Spillage 


Corrective  Action  for  Incorrect  Spike  Volume 


Record  actual  amount 
spiked  on  the 


Corrective  Action  for  Incorrect  Surrogate  Addition 
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20 

2.1 

22 

2.3 

30 

3.1 

3.2 

3.3 
34 

3.5 

3.6 

3.7 
3A 

3.9 

3.10 

3.11 

3.12 

3.13 


Scopo  and  AppEccrtion 

This  method  details  the  extraction  of  soH  samples  for  orgonochiorir^e  p)estfcides 
and  polychlorinated  biphenyls. 

DefinHiont 

Surrogates  -  krx>wn  quantities  of  compounds  added  to  aN  samF>les  aixi  blanks  to 
evaluate  extraction  efficierx:y. 

Matrix  Spike  -  known  quantities  of  selected  arx3lytes  added  to  a  sample  to 
evaluate  the  effect  of  sample  matrix  on  orKilyte  recovery. 

LCS  (Laboratory  Control  Sample)  -  a  blank  fortified  with  known  quantities  of 
selected  analytes  to  monitor  extraction  efficiency. 

^^Ptteovy  gloss  beaker. 

100  mm  gloss  funnel. 

600  mL  Erlenmeyer  flask. 

Kudemo-Oanish  concentrating  apparatus  (10  mL  concentrator  tube.  600  mL 
concentrator  flask  arxl  3  ball  Snyder  column). 

25  X  340  mm-dryfogooluran. , 

10  x  293  mm  micro  colurhn. 

100  mL  glass  beaker. 

Aluminum  wei^ng  cM». 

Glass  wool  prepared  by  baking  in  kftn  at  300°  C  for  4  hours. 

Hexane,  pesticide  grade ;  Acetone,  high  purity ;  (1 :1  mixtixe). 

Disposable  5  3/4”  pipet  with  rubber  bulb. 

Anhydrous  sodium  suifote,  prepared  by  baking  in  kiln  at  400°  C  for  8  hours. 

Florisil  (See  Florisii  cleanup  SOP). 
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3.14  Surrogate  otkI  matrix  spike  sokitiora. 

3.14.1  Surrogate  and  spike  soiutioos  composed  as  follows: 


Component 

Concentration 

Surrogate 

Decachkxobiphenyl  (DCBP) 

2  ^g/mL 

Tetrachloro-m-xylene  (TCMX) 

2  ^g/mL 

V 

Pesticide/ 

Gamma  BHC 

5  ng/mL 

PCB  Spike 

Heptochlor 

5  ng/mL 

Aidrin 

5  ^g/mL 

Dieldrin 

10  fig/mL 

Erxirin 

10  pg/mL 

4,4'-DDT 

10  pg/mL 

Delta  BHC 

6pg/mL 

4.4'-DDE 

lOpg/mL 

4.4'-DDD 

lOpg/mL 

PCB  Spike 

Arodor  1260 

80pg/mL 

3.15  Deionized  water  (Bamsteod  E-Pure,  4  module  D4641). 

3.16  ArKilytical  balaix:e  (top-loacHrig);  accurate  to  0.02  g. 

3.17  Sonicators:  Branson  460  with  3/4"  Tltcnium  tip. 

3.18  GPC:  Models /VBC1002A/1002B. 

3.19  N-Evap-Analytical  Nitrogen  Evaporator  (organomation). 

3.20  Water  bath:  set  at  80®  C-85®CarKl  capable  of  terrperoture  control  ±5®  C. 
321  Drying  oven  (VWRBIOE)  set  at  105®  C. 

3.22  Boiling  chips  (Chemware/Teflon) 

323  Scintiilotion  Viol  -  20  mL  with  Aluminum  lined  caps 

324  Viois  (2  mL  clear)  with  crimp  tops  for  GC  Autosampler. 

3.25  Stainless  steel  spatula. 

3.26  Green  &  yellow  label  tope 

3.27  2.5  mL  amber  viol  with  Teflon  lir>ed  cap. 

3.28  PersoTKil  protective  gear  (glovos.  goggles,  lab  coat) 

329  100  1 .0  mL  5.0  mL  gaslight  HomHton  syringes. 

3.30  Dteposoble  5  3/4"  pipet  with  rubber  bulb. 

3.31  S/P  vortex  mixer. 
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3.32  0.45  Whatman  Purodisc  filter. 

3.33  40  mL  viols  with  Teflon  lined  cops. 

AO  Documentation 

4.1  Pest/PCB  BerKihsheet. 

SlO  ln>hou$e  Modifications  to  Referenced  Method 

5.1  Section  1.1;  API  does  rx>t  use  method-referenced  cocx^entrotion  techniques 

4.3.4  and  4.3.5,  and  4.9  has  been  revised. 

5.2  ^0  mL  1 .0  mU  orxj  100  syringes  ore  used.  See  method  3510B  for  rrxxe 

information. 

5.3  Section  6.12  (method  section  7.3.9)  Solvent  exchange  is  dorte  through  the 
snyder  column  during  K-D  cor>centratlon  with  8-10  mL  of  hexarte. 

5.4  Section  6.2  (method  section  7.3.1)  Surrogate/spike  solution  Is  added  to  extract 
after  the  solvent  is  added. 

5.5  Section  6.6  (method  section  7.3.4)  Extracts  ore  decanted  arxj  Altered  through  o 
100  mm  funnel  with  a  glass  wool  plug,  not  through  filter  paper. 

5.6  Section  6.13  (method  section  7.10.3):  The  exchange  has  been  revised. 

5.7  Section  6. 1 2  (method  section  7.3.8)  The  extract  Is  removed  from  the  water  both 
at  on  apparent  volume  of  4-6  mU  not  1  mL. 

5.8  Section  6.14  (method  section  7.3.1 1.2)  A  water  both  is  not  used  for  the  nitrogen 
blow  down  technique.  The  interrral  wall  of  tube  is  rxx  rinsed  with  solvent  until  the 
extract  is  vialed. 

5.9  Section  6. 1 5:  Before  GPC  or  Florisil  clearvups,  samples  ore  filtered  with  a  0.45  jim 
Purodisc  filter  to  remove  gross  particulate  matter. 

5.10  Section  6.22  (Method  section  2.2)  A  1-8  g  sample  size  is  extracted. 

5. 1 1  Section  6.25  (method  section  2.2)  a  vortex  mixer  rather  than  a  sonicotor  is  used  in 
the  extraction  process. 

6.0  Procedures 

6.1  Samples  <ye  pre-screened  on  ECD  for  either  low  level  or  medium/high 
concentrations  (refer  to  ECD  screening  SOP). 

6.1.1  For  those  samples  that  ore  low;  review  special  orKSlyticoi 
requirements  sheet  prior  to  extracting  samp>les  to  determirre  if 
special  procedures  are  required. 

6. 1 .2  For  medium  level  concentrations,  refer  to  section  6.21. 
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62  Fill  out  bench  sheet  for  Job.  See  attached  example.  Label  each  400  mL  beaker 

with  a  piece  of  green  label  tope  contdning  the  foHowIng  Information;  job 
number,  sample  ID,  matrix  ID.  type  of  extraction  (Pest/PCB  or  PCB),  method 
number  and,  for  the  blartks,  the  dote. 

6.3  Warm  samples  to  room  temperature,  homogenize  sample  wen.  and  use  the  top 
loading  balance  to  measure  5-30  g  of  sample  (the  amount  deperKUng  on  the 
sample  screening  results)  Into  the  400  mL  beaker  (labeied  with  sorr^e  ID);  also, 
ttSeosure  20  g  info  a  ICX)  mL  beaker  labeled  with  sample  ID.  Add  approximately 
30  g  sodium  sulfate  to  each  sample  in  the  400  mL  beaker  oiyj  mix  weN;  it  should 
have  a  sandy  consistercy.  Repeat  for  eoch  sample.  Prepare  one  400  mL 
beaker  with  30  g  sodium  sulfate  for  os  a  method  blank  and  one  400  mL 
beaker  with  30  g  sodium  sulfate  for  an  LCS.  Add  20  mL  of  deionized  water  to 
each  1 00  mL  beaker,  stir  thoroughly  crvi  allow  to  stand  for  at  least  on  hou.  Take 
a  pH  reading  on  this  aliquot  and  reccxd  on  soil  prep  sheet.  Weigh  out 
approxirTKitely  10  g  of  sample  into  a  tored  weighing  dish  (labeled  with  sample  ID) 
for  determirx3tion  of  percent  moisture.  Pour  approxinxstely  100  mL  of 
ocetone/hexone  mixture  (half  and  holO  over  each  sample.  Mix  well. 

6.3. 1  For  determination  of  %  moisture,  weigh  out  approximately  1  Og  of 

sample  into  a  tared  Aluminum  weigNng  dish,  which  has  been  labeied 
width  sample  ID.  (use  a  pemroTent  marker) .  Place  in  a  dryirjg  oven  set 
at  1 05“  overnight.  Take  out  In  the  morning  and  let  cool  for  1 5  mlrrutes.  Re¬ 
weigh  samples  and  record  on  total  solids  benchsheet. 

6.4  Add  sufficient  surrogate  solution  (100  ^L  of  a  2  jig/mL  solution)  to  each  sample, 
the  method  blank,  and  the  LCS.  As  per  section  8.4,  to  verify  surrogate  Is 
accurate,  surrogates  will  be  witnessed  by  orwther  lab  technician. 

6.5  Add  sufficient  matrix  spike  solution  (100  jd.  of  a  5  ng/mL  and  10  fxg/mLsolutlon  for 
pesticides.  125jiLofan80Mg/mLsolutlonforPCB's)totheLCSarxt  ifarrxatrix 
spike  and/or  matrix  spike  duplicate  ore  required,  to  any  QC  samples.  As  per 
section  8.4,  to  verify  matrix  spike  is  crccurafe.  spike  will  be  witnessed  by  another 
lab  technician. 

6.6  Sonicate  the  sample  os  follows:  Place  the  sonic  probe  into  the  sample  beaker 
with  the  tip  below  the  surface  of  the  solvent  and  above  the  sediment  layer.  Set 
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the  timef  for  3  mirHJtes  with  the  nrxxje  on  pulse,  the  power  output  to  10,  end  the 
duty  cycle  to  50%. 

6.7  Once  the  timer  shuts  off,  remove  the  beaker  arxi  pour  the  extraction  solvent 
through  the  100  mm  fumel,  with  a  glass  wool  plug  it,  into  the  labeled  (with 
sample  ID)  500  mL  Erienmeyer  flask. 

6.8  Repeat  steps  6.5  orKj  6.6  two  more  times,  using  1 : 1  hexane/acetone. 

6.9  After  the  lost  sonicatioa  the  sample  is  transferred  to  the  fumel  artd  the  beaker  is 
rihsed  with  1 : 1  hexone/ocetone.  This  rinsote  is  poured  through  the  funnel,  and 
then  the  funnel  and  extracted  sample  ore  also  rinsed  with  1 : 1  hexorte/ocetone. 
All  rinsotes  ore  collected  in  the  flask.  Check  Sample  ID. 

6.10  Assemble  a  Kuderixr-Danish  (K-D)  corx^entrotor  by  attaching  a  rinsed  10  mL 
concentrator  tube  to  a  rinsed  500  ml  evaporation  flask.  Prepare  a  drying  column 
by  putting  a  gloss  wool  plug  irrside  at  the  rKvrow  end  arxj  filling  the  column  with 
anhydrous  sodium  sulfate  to  a  bed  height  of  cq^proxirTXStely  10  cm.  Rinse  the 
prepared  column  30  mL  with  hexar>e.  C^heck  Sample  ID. 

6. 1 1  Transfer  the  sample  ID  label  to  the  corresponding  K-D.  Dry  the  extract  by 
passing  it  through  the  drying  column  arxl  coHectir^g  it  in  the  K-D  cor>centrator. 
Rinse  the  Erienmeyer  flask  three  times  with  hexorre  and  odd  this  to  the  column  as 
well.  Once  the  entire  extract  has  passed  through  the  drying  column,  rinse  the 
column  with  hexane. 

6.12  Remove  the  drying  columa  odd  2  or  3  clean  boiling  chips  to  the  corrcentrator 
flask,  attach  a  three  ball  Snyder  cduma  ar>d  put  the  entire  apparatus  on  the 
water  bath  set  at  approximately  80“  C.  Wet  the  inside  of  the  Snyder  column  with  1 
to  2  mL  of  methylene  chloride  before  boiling  starts. 

6.13  Once  the  extract  has  corrcentroted  to  about  4  to  6  mL  remove  the  apparatus 
from  the  water  both.  Place  apparatus  In  rock  arxj  allow  to  starxj  for  about  10 
minutes. 

6. 14  Remove  the  Snyder  coiuma  rerTK)ve  oil  water  from  the  joint  between  the  flask 
and  the  corx;entrator  tube  with  a  kimwipe,  orxj  disassemble  the  tube  arxj  flask. 
Rinse  the  lower  joint  of  the  flask  into  the  tube  with  methylene  cNoride.  Do  rx>t 
overfill  the  tube.  Trartsfer  the  sample  ID  label  to  the  tube. 

6. 15  Mount  the  tube  on  a  nitrogen  evaporator  and  adjust  the  flow  of  gas  so  that,  with 
the  needle  1  to  2  cm  above  the  surface  of  the  extract,  a  small  irxjentation  can 
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be  seen  in  the  surface  of  the  extract.  If  there  Is  bubbling  or  splosh^  the  flow  is 
too  high.  If  there  is  no  indentation  visible,  the  flow  is  too  low. 

6.16  When  the  volume  reaches  1  to  2  mL  remove  the  tube  from  the  evcflDorator  and 
proceed  with  clean  up  by  gel  permeation  chromatography  (GPC).  See 
appropriate  SOP  for  details.  If  GPC  is  not  required,  proceed  with  Florisll  cleortup 
according  to  Iretructlons  in  the  Florisll  Cleanup  SOP. 

6. 1 7  After  GPC  clean  up  the  extract  Is  otx:e  again  concentrated  using  a  K-D 
dL)paratus  on  a  water  both.  Once  the  extract  reaches  4  to  6  mL  the  solvent  is 
exchar^ged  to  hexane  by  flushing  the  Snyder  column  with  10  mL  of  hexane. 

Once  the  extract  again  reaches  4  to  6  mL  remove  the  apparatus  from  the  water 
both  and  rinse  the  column  with  1  to  2  mL  of  hexar>e.  Put  the  K-D  in  the  rack  and 
allow  to  starxJ  for  at  least  10  mirHjtes. 

6.18  Remove  Snyder  column,  remove  all  water  from  the  joint  between  the  flask  and 
the  concentrator  tube  with  a  kimwipe,  and  disassemble  the  tube  and  flask.  Rinse 
the  lower  joint  of  the  flask  into  the  tube  with  hexane.  Do  rxjt  overfill  the  tube. 
Transfer  the  sample  ID  label  to  the  tube. 

6.19  Proceed  with  Florisll  cleanup.  (See  appropriate  standard  procedure.) 

6.20  If  necessary,  the  extract  is  returned  to  the  nitrogen  evaporator.  Once  the  extract 
reaches  10  mL  (or  specified  flrKal  volume),  an  aliquot  is  transferred  to  a  2  mL  clear 
auto  sampler  vial  (labeled  with  the  sample  ID)  for  analysis. 

6.21  If  samples  screen  medium/high,  review  special  arxalytlcal  requirements  sheet 
prior  to  extracting  samples  to  determine  If  special  procedures  are  required.  See 
section  10.4. 

6.22  Fill  out  bench  sheet  for  job.  See  attached  example.  Warm  samples  to  room 
temperature,  decant  and  discard  any  water  layer  on  a  sediment  sample. 
Homogenize  sample  weH.  Label  each  20  or  40  mL  vial  with  a  piece  of  green  label 
tape  containing  the  following  information:  job  number,  sample  ID,  Matrix  type  of 
extraction  (Pest/PCB  or  PCB).  method  number,  and  (for  the  blanks  only)  date. 

Use  the  top  loading  balance  to  measure  1-8  g  (to  0.1  g)  of  sample  into 
appropriate  vial  (labeled  with  the  sample  ID);  also  measure  20  g  into  100  mL 
beaker  labeled  with  the  sample  ID  for  pH  determination.  Add  approximately 
equal  weight  of  anhydrous  sodium  sulfate  to  each  sample  vial  and  mix  well. 
Sample  should  have  a  sandy  consistency.  Repeat  for  each  sample.  FYepare 
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one  extraction  vial  with  1-8  g  anhydrous  sodium  sulfate  for  use  os  a  method  blank 
and  one  vial  with  or^ydrous  sodium  sulfate  for  an  LCS.  Pour  9.9  mL  of 
Hexane/Acetone  (1:1)  over  each  sample  and  method  blank;  9.7  mL  for  LCS  or 
matrix  spike  samples. 

6.23  Add  sufficient  surrogate  solution  (100  jiL  of  a  2  ^lg/mL  solution)  to  each  sample, 
the  method  blank,  and  the  LCS.  As  p>er  section  8.4.  to  verify  surrogate  is 
accurate,  surrogates  will  be  witnessed  by  arx>ther  lab  technick^. 

6.24  Add  sufficient  matrix  spike  solution  (100  ^L  of  a  5  jig/mL  and  10  ^ig/mLsolution  for 
pesticides.  1 25  ^L  of  an  80  ng/mL  solution  for  PCB's)  to  the  LCS  arvi  if  a  matrix 
spike  and/or  matrix  spike  duplicate  are  required,  to  any  QC  samples.  As  per 
section  8.4.  to  verify  matrix  spike  is  accurate,  spike  will  be  witnessed  by  arx^ther 
lab  technician. 

6.25  Vortex  the  sample  1  -2  minutes  with  periodic  shaking  of  the  vial.  Let  stortd.  or 
centrifuge  if  necessary. 

6.26  Florlsll  cleanup  is  mandatory  (usually  1  of  10  mL  extract  is  cleaned  by  the  florisil 
technique).  See  Florisil  cleanup  SOP.  Other  cleanups  and  flltrotior^.  such  os  GPC. 
are  optiorxal. 

6.27  After  florisil  cleanup  the  sample  is  concentrated  on  the  nitrogen  evaporator  to  a 
specified  firKil  volume.  Mount  the  tube  on  a  nitrogen  evaporator  and  adjust  the 
flow  of  gas  so  that,  with  the  needle  1  to  2  cm  above  the  surface  of  the  extract,  a 
small  indentation  can  be  seen  in  the  surface  of  the  extract.  If  there  is  bubbling  or 
splashing,  the  flow  is  too  high.  If  there  is  no  irKlentatlon  visible,  the  flow  is  too  low. 
Transfer  the  extract  to  a  2  mL  clear  autosampler  vial  (labeled  vrith  the  sample  ID) 
for  analysis. 

7.0  Review 

7.1  The  Organic  Extraction's  Supervisor  will  review  all  bench  work  and  bench  sheets 
before  distribution. 

7.2  Review  project  documentation  (special  analytical  requirements,  etc.)  prior  to 

extracting  samples  to  determine  if  special  procedures  are  required. 

8.0  Qucdity  Control 

8. 1  One  method  blank  will  be  extracted  for  each  batch  of  20  or  fewer  sarrples. 

8.2  One  LCS  (spike  blank)  will  be  extracted  for  each  botch  of  20  or  fewer  samples. 
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8.3  One  MS/MSD  win  be  extracted  for  eoch  parameter  after  every  20  samples  of 
similar  matrix  arxj  level  (sample  volume  permitting). 

8.4  To  verify  ttKit  surrogate  and  nrKitrix  spiking  Is  accurate,  spiking  wM  be  witrtessed 
by  arxjther  technician. 

9A  Corrective  AcHotm 

9.1  See  Corrective  Action  Charts,  section  12.1 . 

IQlO  Mfatcelianeoitt  Notes  orKl  Precoullont 

10.1  Constant  attention  must  be  given  when  watchkig  K-Os  on  water  baths  when 
extracts  ore  below  the  SLvfoce  of  the  water  both  so  they  do  rot  boH  dry. 

10.2  When  boilir^g  down  extracts  on  the  N-Evcp  a  time  should  be  used  to  remind  the 
analyst  of  the  volumes  so  extract  will  rot  be  blovm  dry. 

10.3  The  spring  that  goes  around  the  N-Evcp  must  be  stretched  out  when  (Placing  on 
or  taking  off  coroentrotor  tubes  to  ovoid  sropping  off  the  bottom  halves  of  the 
coroentrator  tube  which  could  result  in  loss  of  extract. 

10.4  Mocttfied  extraction  levels  may  be  required  as  the  GC  Supervisor  or  Extractions 
Supervisor  deems  rocessary.  Such  decisions  will  be  based  on  GC/ECD  screen 
data  or  the  orKiiysis  of  the  initicri  Pest/PCB  extract.  The  particular  extroction 
procedure  will  be  determined  on  a  case  by  case  basis,  but  in  general  will  involve 
the  medlum/high  extraction  of  1-8  g  of  sample  in  10  ml  of  1 :1  Hexane/ Acetone 
in  a  20  ml  scintillation  vial.  Appropriate  amounts  of  sodium  sulfate,  surrogate 
spike,  artd  matrix  spike  should  be  added  (based  on  the  anticipated  firxsl 
effective  volume).  The  vial  should  be  vcrtexed  for  at  least  1  minute.  Rorisil 
cleanup  is  required,  otkI  oil  other  reievcnt  cleatxjps  (as  well  os  centrifuging  otkI 
filtration)  should  be  considered.  The  final  effective  volume  of  the  extract  should 
be  between  10-l(X)mL  based  on  the  recommendation  of  the  GCar>alystar»d/or 
the  supervisor. 

11X)  Method  References 

1 1 .1  U.S.  EPA,  -Sonlcation  Extraction",  (SW-846).  Method  3550,  Revision  0, 

September,  1986. 

12X)  Appendices 

1 2. 1  Corrective  Action  Charts. 
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Standard  Operating  Procedure 

Bose,  Acid,  Neutral  (BAN) 
Water  Extraction 
Method  3610 
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Stondofcl  Operating  Proc«ciur« 

WGrt«r  Extraction 

Bom.  Add,  Nwjtral  (BAN)  •  8270 


Seopo  and  AppHcolion 

This  method  details  the  procedure  for  extracting  the  extraction  of  water  samples 
In  preparation  for  Semlvolotlle  analysis. 

OdInHions 

Surrogates  -  known  quantities  of  compounds  added  to  all  samples  and  blanks  to 
evaluate  extraction  efficlerrcy. 

Matrix  Spike  -  known  quantities  of  selected  analytes  added  to  a  sample  to 
evaluate  the  effect  of  sample  mat|jiu;^  analyte  recovery. 

rijittfii,  blank  fortified  with  known  quantities  of 

efficiency. 

Equipment 

Water  Both  set  at  80®  C  -  85®  C  (with  temperature  control  of  +6®  C) 

N-Evap  -  Arralytlcal  nitrogen  evaporator. 

250  500  Hamilton  Gostlght  syringe. 

Boiling  chips  -  Teflon  (Chemware). 

2000  mL  separatory  funnel  with  grocMXI  gkiss  stopper  and  PTFE  stopcock. 

500  mL  Ertenmeyer  flosk. 

'KuderrK>UanUrV  donCBntratIng  apparatus  (10  mL  concentrator  tube,  500  mL 
concentrator  flask  and  3^1  Snyder  coKjmn). 

26  X  240  mm  drying  colurnn. 

1000  mL  graduated  cylinder. 

Gloss  wool  prepar^  l^lxaWng  in  Wfri  at  300®  C  for  4  hours. 

Methylene  Chloride,  high  purity. 

Anhydrous  sodium  sulfate,  prepared  by  baking  in  kiln  at  400®  C  for  8  hours. 

10  N  sodium  hydroxide  solution  and  1 :1  sulfuric  acid  solution. 
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3.14  Surrogate  and  matrix  spike  soiutions: 


.Gompgnent 

Concentration 

Surrogate 

2-chlorophenol-d4 

150ng/mL 

Phenol  Z3.4,6,6-d6 

150jig/mL 

2-Fluorophenol 

150ng/mL 

2,4,6-Trlbromophenol 

150jig/mL 

p-Terpnenyl-d14 

lOOjig/mL 

Nitrobenzene-dS 

lOOng/mL 

2-Fluoroblphenyl 

lOOjig/mL 

1 ,2-Dichlorobenzene-d4 

lOO^ig/mL 

Spike 

Phenol 

150jig/mL 

2-Chlorophenol 

150^g/mL 

4-Chloro-3-Methylphenol 

150»ig/mL 

4-Nltrophenol 

150^g/mL 

Pentachlorophenol 

ISO^g/mL 

Pyrene 

lOOng/mL 

1 ,4-Dichlorobenzene 

1(X)^g/mL 

1 , 2,4-Trichlorobenzene 

100)ig/mL 

2,4-Dinttrotoiuene 

1(X)  )xg/mL 

Acenapthene 

100  jig/mL 

n-Nitroso-DI-n-propylamlne 

100ng/mL 

2-Methylnaphthalene 

lOO^g/mL 

I 


3.15  Deionized  water  (Bamsteod  E-Pure,  4-Module  D4641) 

3.16  Broad  range  pH  paper. 

3.17  Blue  label  tape. 

3. 18  2.5  mL  Amber  viol  with  Teflon  lined  cap. 

3.19  Personal  protective  wear  (gloves,  goggles,  lab  coot). 

4j0  Documentation 

4.1  BAN  be(x:h  sheet. 

&0  In-house  ModMccrtiont  to  Referenced  Method 

5.1  Section  1.1:  API  does  not  use  method-referenced  concentration  techniques  4.3.4 
and  4.3.5.  Also,  technique  4.9  hcs  been  adapted. 

5.2  Section  3.8:  Anhydrous  sodium  sulfate  Is  baked  for  8  hours  rather  than  4  hours. 

5.3  Section  6.17  (method  section  7.11.2):  No  warm  water  is  used  with  the  nitrogen 
evaporator. 
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5.4  1 .0  mL  and  250  syringes  are  used. 

6.0  Procedures 

6.1  Review  special  analytical  requirements  sheet  prior  to  extracting  samples  to 
determine  if  special  procedures  are  required.  See  Section  7.2. 

6.2  Fill  out  bench  sheet  for  job.  See  attached  example. 

6.3  Warm  the  samples  to  room  temperature.  Label  each  separatory  funnel  with  a 
piece  of  blue  label  tape  with  the  following  information:  job  number,  sample 
identification  letter,  matrix  ID,  type  of  extraction  (BAN).  For  the  blanks,  include  the 
date.  Use  a  graduated  cylinder  to  measure  1  liter  of  sample  and  quantitatively 
transfer  It  to  the  separatory  funnel.  Repeat  for  each  sample.  Prepare  two 
separatory  funnels  with  organic-free  water  for  use  as  a  method  blank  and  an  LCS. 

6.4  Add  sufficient  surrogate  solution  (250  jiL)  to  each  sample  (and  both  blanks)  to 
result  in  a  final  concentration  of  25  ug/mL  for  each  base/neutral  analyte  and  37.5 
ng/mL  for  each  acid  analyte.  See  method  351  OB,  8270  for  syringe  selection  and 
use.  As  per  Section  8.4  to  verify  that  surrogate  is  accurate,  surrogates  wiii  be 
witnessed  by  another  lab  technician. 

6.5  Add  sufficient  matrix  spike  solution  (250  jiL)  to  the  LCS,  and,  if  a  matrix  spike  and/or 
matrix  spike  duplicate  are  required,  to  any  QC  samples  to  result  in  a  final 
concentration  of  25  ng/mL  for  each  base/neutral  analyte  and  37.5  ng/mL  for 
each  acid  analyte.  As  per  Section  8.4  to  verify  that  matrix  spiking  is  accurate, 
spiking  will  be  witnessed  by  another  lob  technician. 

6.6  Use  broad  range  pH  paper  arxi  ION  sodium  hydroxide  solution  to  adjust  the  pH  of 
each  sample  (and  both  blanks)  to  9  or  greater. 

6.7  Add  60  mL  of  methylene  chloride  to  sample  bottle,  then  add  rinsate  to  each 
corresponding  separatory  funnel. 

6.8  Seal  and  shake  the  separatory  funnels  vigorously  for  2  minutes,  using  periodic 
venting  to  release  excess  pressure. 

6.9  Allow  organic  and  aqueous  layers  to  separate.  Drain  entire  organic  layer 
(including  any  emulsion)  Into  a  5(X)  mL  Erlenmeyer  flask  which  has  been  labeled 
with  the  sample  ID  (written  with  a  shcwple  pen). 
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610  Repeat  steps  6.6  through  6.8  two  more  times.  If  emulsion  is  present,  it  must  be 
broken  up  by  whatever  mechanical  means  necessary  until  all  rK>n  organic 
material  (water,  silt,  etc.)  is  returned  to  the  separatory  funnel.  Drain  the  organic 
layer  into  the  corresponding  Erlenmeyer  flask. 

6. 1 1  Use  pH  paper  and  1 : 1  sulfuric  acid  soiuflon  to  adjust  the  pH  of  all  samples  (atxj  both 
blanks)  to  2  or  lower. 

6. 1 2  Repeat  the  procedures  outlined  in  step  6.6  through  6.9. 

6.13  Assemble  a  Kuderna-Danish  (K-D)  concentrator  by  attaching  a  Methylene 
Chloride  rinsed  10  mL  concentrator  tube  to  a  rinsed  500  mL  evaporation  flask. 
Prepare  a  drying  column  by  putting  a  glass  wool  plug  inside  at  the  narrow  end  and 
Ailing  the  column  with  anhydrous  sodium  sulfate  to  a  bed  height  of  approximately 
10  cm.  Rinse  the  prepared  column  with  30  mL  methyler»e  chloride. 

6.14  Dry  the  extract  by  passing  it  through  the  drying  column  and  collecting  it  in  the  K-D 
concentrator.  Rinse  the  Erlenmeyer  flask  three  times  with  methylene  chloride  and 
add  this  to  the  column  as  well.  Once  the  entire  extract  has  passed  through  the 
drying  column,  rinse  the  column  with  15  mL  methylene  chloride.  Transfer  the 
samF>le  ID  label  to  the  K-D.  Check  sample  I.D. 

6.15  Remove  the  drying  column,  add  2  or  3  clean  boiling  chips  h  ncentrator 

flask,  attach  a  three  ball  Snyder  column,  and  put  the  entire  appu.  on  o  water 

bath  set  at  approximately  80®C.  Wet  the  Inside  of  the  Snyder  column  wHh  1  to  2  mL 
of  methylene  chloride  before  boiling  starts. 

6. 16  Once  the  extract  has  concentrated  to  about  4  to  6  mU  remove  the  apparatus  from 
the  water  both  oixJ  rinse  the  column  with  about  1  to  2  mL  of  methylene  chloride.  Put 
the  apparatus  In  a  rock  and  allow  to  stand  for  about  10  minutes. 

6.17  Remove  Snyder  column,  remove  all  woter  from  the  Joint  between  the  flask  and  the 
coix;entrator  tube  with  a  kimwipe,  and  disassemble  the  tube  and  flask.  Rinse  the 
lower  joint  of  the  flask  into  the  tube  with  methylene  chloride.  Do  not  over  fill  the  tube. 
Transfer  the  label  to  the  tube. 

6.18  Mount  the  tube  on  a  nitrogen  evaporator  and  ac^ust  the  flow  of  gas  so  that,  with  the 
needle  1  to  2  cm  above  the  surface  of  the  extract,  a  small  indentation  can  be 
seen  in  the  surface  of  the  extract.  If  there  Is  bubbling  or  splashing,  the  flow  is  too 
high.  If  there  is  no  indentation  visible,  the  flow  is  too  low. 
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6.19  Once  the  extract  reaches  1  mL  (or  specified  final  volume)  it  is  transferred  to  a  2  mL 
amber,  PTFE  lined,  screw  cap  vial  for  ar>atysis.  Transfer  sample  I.D.  to  the  viol. 

7.0  Review 

7.1  The  Organic  Extractions  Supervisor  will  review  all  bench  work  and  bench  sheets 
before  distribution. 

7.2  Review  project  documentation  (special  analytical  requirements,  etc.)  prior  to 
extracting  samples  to  determine  if  special  procedures  are  required. 

&0  Qualty  Control 

8.1  One  method  blank  will  be  extracted  for  each  botch  of  20  or  fewer  samples. 

8.2  One  LOS  (spike  blank)  will  be  extracted  for  each  botch  of  20  or  fewer  samples. 

8.3  One  MS/MSD  will  be  extracted  for  each  parameter  after  every  20  samples  of 
similar  matrix  and  level  (sample  volume  permitting). 

8.4  To  verify  that  surrogate  aixf  matrix  spiking  Is  accurate,  spiking  will  be  witnessed  by 
arKjther  technician. 

9j0  Corrective  AcfiorM 

9.1  See  Corrective  Action  Charts,  section  12.1 . 

IOjO  Miscelloneout  Notes  chkI  Precautions 

10.1  Constant  attention  must  be  given  when  watching  K.D.s  on  water  baths.  When 
extracts  are  below  the  surface  of  the  water  bath  so  they  do  not  blow  dry. 

}02  When  blowing  down  extracts  on  the  N-Evap  a  time  should  be  used  to  remind  the 
analyst  of  the  volumes  so  extract  will  not  be  blown  dry. 

10.3  The  spring  that  goes  around  the  N-Evap  must  be  stretched  out  when  placing  or 
taken  off  the  concentrator  tubes  to  ovoid  snapping  off  the  bottom  halves  of  the 
concentrator  tube  which  could  result  In  loss  of  extract. 

11.0  Method  Refererroes 

11.1  U.S.  ERA.  "Separatory  Funnel  Liquid-Liquid  Extraction",  (SW-846).  method  35106, 
Revision  Z  November,  1992. 

120  Appendices 

12.1  Corrective  Action  Charts  for  H2O. 
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Corrective  Action  for  Loss  of  Sampie  on  Water  Bath  or  N-Evap 


Corrective  Action  for  Extract  Spiliage 


Corrective  Action  for  Incorrect  Spike  Volume 


Corrective  Action  for  Incorrect  Surrogate  Addition 
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Standard  OporaNng  Piocodur* 

Soil  ExtracHon 

Bom.  Add,  Noutioi  (BAN) 


IX)  Scopa  and  AppMcotton 

1.1  This  method  details  the  procedure  for  the  extraction  of  soil  samples  for 
Semivolatile  arxsiysis. 

ZO  Deflnitions 

2.1  Surrogates  -  known  quantities  of  ccxnpounds  added  to  all  samples  and  blanks  to 
evaluate  extraction  efficiency. 

22  Matrix  Spike  -  known  quantities  of  selected  analytes  added  to  o  sample  to 
evaluate  the  effect  of  sample  matrix  on  analyte  recovery. 

2.3  LCS  (Laboratory  Control  Sample)  -  a  blank  fortified  with  known  quantities  of 
selected  analytes  to  monitor  extraction  efficlertcy. 


32  1CX)  mm  glass  tunnel. 

3.3  500  mL  Erlenmeyer  flask. 

34  Kudema-Danish  concentrating  apparatus  (10  mL  concentrator  tube,  500  mL 
concentrator  flask  and  3-ball  Snyder  column). 

3.5  25  X  340  mm  drying  column. 


3A  ICJDmLc^assbealiw.'*' 

3.7  Aluminum  weighing  dlshj 

3.8  Gloss  wool  prepared  by  baking  in  kiln  at  300°  C  for  4  hocRS. 

3.9  Methylene  chloride,  high  purity. 

3.10  1:1  mixture  of  acetorw  and  methyler»  chloride  (high  purity). 

3.11  Anhydrous  socHum  sulfate,  prepared  by  baking  in  kfln  at  400°  C  for  8  hours. 

3.12  Surrogate  and  rrKitrix  spike  solutions. 
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3.12.1  Surrogate  and  spike  solutions  cornposed  os  follows: 


Surrogate 


Spike 


Component 

Concentrotlon 

2-Chlorophenol-d4 

150|ig/mL 

Phenol  Z3.4.5.6<j6 

150|ig/.7>L 

2-FluoropherK>l 

150|ig/mL 

Z4.6-Trlbromophenol 

150|ig/mL 

p-Terf^enyl-dU 

100  |ig/mL 

Nltrobertzene-d5 

100  |ig/mL 

2-Fiuorobiphenyl 

100  |ig/mL 

1 .2-Dichiorobenzene-d4 

100  |ig/mL 

Pherjoi 

150|ig/mL 

2-Chlorophenoi 

150|ig/mL 

4-Chloro^Methyipherrol 

150|ig/mL 

4-NitropherK>l 

150|ig/mL 

Pentochiorophenol 

150|ig/mL 

Pyrene 

100|ig/mL 

1 .4-Dichlorobenzene 

100  |ig/mL 

1 ,  Z4-Trichloroberrzene 

100  |ig/mL 

Z4-Dinitrotoluene 

100  |ig/mL 

Acenapthene 

100  |ig/mL 

rvNItroso-DI-n-propylamlne 

100|ig/mL 

2-Mefhylnaphthalene 

100|ig/mL 

3.13  Deionized  water  (BomsteadE-Pure.  4  Module  D4641) 

3.14  Top  Loading  Balance  accurate  to  0.(^ 

3.15  Sonicator  -  Brartson  450  with  3/4*  tip. 

3.16  N-Evap  -  Analytical  nitrogen  evaporation. 

3.17  Water  both -Set  at  00"  C- 85®  C  (with  temperature  control +5“  C). 

3.18  GPC-ABC10Q2A/1002B. 

3.19  BoNir^  Chips  -  Teflon  (Chemware). 

320  250  111.  500  ^Laixl  1.0  mL  syringe  gasttght  Homlton  syringe. 

321  Green  and  orange  label  tope. 

322  2.5  mL  amber  viol  with  Teflon  lined  screw  cop 

323  Stoiniess  steel  spatula. 

3.24  Persortal  protective  gear(gloves.  gogc^  lab  coot) 

325  S/P  Vortex  Mixer 
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3.26  40  mL  viols  with  Tefk>n  lined  caps 

3.27  Scintillation  vicri  -  20  mL  with  aluminum  cops 

3.28  0.45  ^m  Whatman  Puradisc  filter 
4j0  Documentation 

4.1  ABN  bench  sheet. 

SjO  tn-houte  ModMcoflont  to  Reference  Method 

5.1  Section  6.5  (method  section  7.3.1):  Surrogate/spike  added  to  extract  after  solvent 
Is  added. 

5.2  Section  6.8  (method  section  7.3.4):  Extracts  are  decanted  arxj  fHtered  through  a 
100  mm  funrwl  with  a  glass  wool  plug,  not  through  fitter  paper. 

5.3  Section  6.14  (method  7.3.8):  The  extract  is  removed  from  the  water  both  at  a 
volume  of  4  -6  mL  not  1  mL. 

5.4  Section  6.16  (method  section  7.3.1 1.2):  A  water  both  Is  not  used  for  the  nitrogen 
blow  down  technique.  The  InterrKil  watt  of  the  tube  is  not  rinsed  with  solvent. 

5.5  Section  6.26:  Samples  are  filtered  with  0.45  ^m  Purodisc  filter  to  remove  gross 
particulate  matter. 

5.6  Section  6.21  (method  section  2.2):  A 1-8  g.  sample  size  is  extracted. 

5.7  Section  6.26  (method  section  2.2):  Samples  ore  extracted  using  a  vortex  mixer, 
not  sonication. 

&J0  Procedures 

6.1  Review  special  analytical  requirement  sheet  prior  to  extracting  samples  to 
determine  if  speclai  procedures  are  required.  See  Section  7.2. 

62  Prior  to  extraction,  samples  are  screer^ed  on  FID  to  determirte  if  samples  are  low 
level  or  medlum/high  level.  See  Scxnple  Screening  SOP. 

6.2. 1  If  samples  screen  low,  see  section  6.3. 

6.2.2  if  samples  screen  medium/high,  see  section  6.20. 

6.3  Low  level  -  Prepare  a  bench  sheet  for  the  Job.  See  attached  example  (section 
4.1.). 

64  Warm  samples  to  room  temperature.  Label  each  4CX}  mL  beaker  with  a  piece  of 
green  label  tope  with  the  following  information:  Job  number,  sample  identification 
letter,  type  of  extraction  (BAN),  and  for  the  blanks,  the  dote.  Based  on  screening 
results^  use  the  top  loading  boiarrce  to  measure  5-30  g  of  sample  Into  the  400  mL 
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beaker  and  20  g  into  the  100  mL  beaker  labeled  with  the  sample  I.D.  Add 
approximately  30  g  sodium  sulfate  to  each  sample  in  the  400  mL  beaker:  mix  well.  It 
should  have  a  sandy  consistency.  Repeat  for  each  sample.  Prepare  one  400  mL 
beaker  with  30  g  sodium  sulfate  for  use  as  a  method  blank  and  orie  for  use  as  an 
LCS.  Add  20  mL  of  organic  free  water  to  each  100  mL  beaker,  stir  thoroughly,  and 
allow  to  stand  for  at  least  on  hour.  Take  a  pH  reocHng  on  this  portion.  Weigh  out 
approximately  10  g  of  sample  Into  a  tared  otkI  sample  ID  labeled  weighing  dish  for 
determination  of  percent  moisture.  Pour  approximately  100  mL  of 
acetone/methylene  chloride  mixture  (1:1)  over  each  sample. 

6.4.1  For  percent  moisture  determination  weigh  out  approximately  lOg  of 

sample  into  o  tared  aluminum  weighing  dish  which  has  been  labeled  with 
sample  1.0.  using  a  permar>ent  marker,  artd  place  In  a  the  dryirtg  oven  set 
at  105°C  overnight.  Take  out  In  the  momirtg  and  let  cool  15  mirKites.  Re¬ 
weigh  samples  otkI  record  on  the  total  solids  benchsheet. 

6.5  Add  sufficient  surrogate  solution  (500(iL)  to  each  sample,  method  blank  ortd  LCS  to 
result  In  a  final  cor»centratlon  of  25  ng/mL  tor  each  bose/neutrol  aiKilyte  and  37.5 
ng/mL  for  each  acid  analyte.  As  per  Section  8.4,  to  verify  that  surrogate  is 
accurate,  surrogates  will  be  witnessed  by  another  lab  technician. 

6.6  Add  sufficient  matrix  spike  solution  (500(iL)  to  LCS,  and  if  a  matrix  spike  and/or 
matrix  spike  duplicate  are  required,  to  any  QC  samples  to  result  In  a  final 
concentration  of  25  ^g/mL  for  each  bose/neutrol  analyte  and  37.5  ixg/mL  for 
each  acid  analyte.  As  per  Section  8.4,  to  verify  that  matrix  spiking  is  accurate, 
spikes  will  be  witnessed  by  another  lob  technician. 

6.7  Sonicate  the  sample  as  follows;  Place  the  sonic  probe  Into  the  sample  beaker  with 
the  tip  below  the  surface  of  the  solvent  and  above  the  sediment  layer.  Set  the 
timer  for  3  minutes  with  mode  set  on  pulse,  the  power  output  to  10,  artd  the  duty 
cycle  to  50%. 

6S  Once  the  timer  shuts  off,  remove  the  beaker  and  pour  the  extraction  solvent 
through  the  100  mm  funnel,  with  a  tfoss  wool  plug  In  It,  Into  the  500  mL  Erlervneyer 
flask  labeled  with  the  sample  ID.  Check  the  sample  IDs. 

6.9  Repeat  steps  6.7  and  6.8  two  more  tfrnes.  Once  using  the  acetone  orfo  methylene 
chloride  mixture,  and  once  using  methylene  chloride. 
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6.10  Affer  the  last  sonicotion,  the  sample  Is  transferred  to  the  funrrel  and  the  beaker  is 
rinsed  with  methylene  chloride.  This  rinse  is  poured  through  the  funnel.  The  funnel 
and  extracted  sample  ore  also  rinsed  with  methylene  chloride.  All  rinses  are 
collected  in  the  Erienmeyer  flask  labeled  with  the  sample  ID. 

6.11  Assemble  a  Kudemo-Danlsh  (K-D)  concentrator  by  attaching  a  methylene 
chloride  rinsed  10  ml  cortcentrotor  tube  to  a  rinsed  500  ml  evaporation  flask  and 
tabel  the  flask  with  the  sample  ID.  Prepare  a  drying  column  by  putting  a  glo^*:  wool 
plug  Inside  at  the  narrow  end  and  filling  the  column  with  anhydrous  sodiur  3te 
to  a  bed  height  of  approximately  10  cm.  Rinse  the  prepared  column  orK;e  with 
methylene  chloride. 

6.12  Dry  the  extract  by  passing  it  throuc^  the  ckying  column  and  coHectirtg  It  in  the  K-D 
concentrator.  Rinse  the  Erienmeyer  flask  three  times  with  methylene  chloride  CHXt 
odd  this  to  the  column  os  well.  Once  the  entire  extract  has  passed  through  the 
drying  column,  rinse  the  column  with  15  mL  methylene  chloride.  Transfer  the 
sample  ID  label  to  the  K-D.  Check  sample  I.D. 

6.13  Renrrove  the  drying  column,  odd  2  or  3  clean  boiling  chips  to  the  concentrator 
fkjsk.  attach  a  three  ball  Snyder  coiuma  otkI  put  the  entire  apparatus  on  a  water 
both  set  at  approximately  80°  C.  Wet  the  inside  of  the  Snyder  column  with  1  to  2  ml 
of  methylene  chloride  before  boilirrg  starts. 

6.14  Once  the  extract  has  corxjentroted  to  about  4  to  6  mL  remove  the  apparatus  from 
the  water  both.  Place  apparatus  in  a  rock  otkI  oliow  to  stand  for  about  10  minutes. 

6. 15  Detach  the  Snyder  columa  remove  all  water  from  the  jofrit  between  the  flask  oixl 
the  concentrator  tube  with  a  kimwipe,  and  disassemble  the  tube  and  flask.  Rhrve 
the  lower  joint  of  the  flask  into  the  tube  with  me1hyler>e  chloride.  Do  not  overflH  the 
tube.  Transfer  the  sorrple  ID  label  to  the  concentrator. 

6.16  Mount  the  tube  on  a  nitrogen  evaporator  and  oc^ust  the  flow  of  gas  such  that  with 
the  needle  1  to  2  cm  above  the  surface  of  the  extract  a  smcM  Indentation  can  be 
seen  in  the  surface  of  the  extract.  If  there  is  bubbHng  or  splashing  the  flow  Is  too 
high.  If  there  is  no  indentation  visible,  the  flow  is  too  low. 

6.17  When  the  volume  reaches  1  to  2  ml,  remove  the  tube  from  the  evaporator  arKL  if 
needed,  proceed  with  clean  up  by  gel  permeation  chromatography  (GPC).  See 
appropriate  SOP  for  details. 
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6.18  After  GPC  clean  up.  transfer  the  sample  ID  label  to  the  K<0.  The  extract  Is  orx:e 
again  corK;entrated  usirtg  a  methyter^e  chloride  K-D  apparatus  on  a  water  both 
and  then  a  mtrogen  evaporator. 

6.19  Once  the  extract  reaches  1  mL  (or  specified  final  volume).  It  Is  trareferred  to  a  PTFE 
lined.  2  mL  amber  screw  cop  viol  for  orKilysis  which  has  been  labeled  with  the 
sample  ID  (orange  if  there  was  a  GPC.  green  If  rx>  GPC  was  performed). 

6.20  MecHum/hlgh  level  •  Prepare  a  bench  sheet  for  the  Job.  See  attached  example 
(section  4.1). 

6.21  Decant  and  discard  any  water  layer  on  the  secHment  samples.  Label  each  20  mL 
or  40  mL  viol  with  a  piece  of  green  label  tope  with  the  following  information:  Job 
number,  sample  Identification  letter,  extraction  type  (BAN),  arxl  for  the  blanks,  the 
dote.  Use  the  top  loading  balary:e  to  measure  1-8  g  (to  0.1  g.)  of  homogenized 
sample  into  an  appropriate,  labeled  viol.  Add  on  approximately  equal  weight  of 
anhydrous  sodium  sulfate  to  the  sample  and  mix  weU;  the  mixture  should  hove  a 
soTKly  consisterx^y.  Prepare  two  extraction  vials  with  on  equivalent  sample  weight 
of  anhydrous  sodium  sulfate:  one  for  use  as  the  method  blank  otkI  one  for  use  as 
the  LCS.  Pour  9.5  mL  of  ocetone/methylene  chloride  (1:1)  over  each  sample  orxl 
method  blank;  pour  9.0  mL  of  the  mbdixe  over  the  LCS  and  matrix  spike  samples. 

6.22  For  son  pH.  weigh  20  g.  into  a  labeled  100  mL  beaker  and  odd  20  mL  of  organic-free 
water.  Stir  thoroughly  and  aNow  to  storxj  for  at  lease  one  hour.  Take  a  pH  reodk^g 
on  this  portion.  Record  the  reading  on  the  benchsheet. 

623  See  section  6.4.1  for  percent  moisture  determirKition. 

624  Add  sufficient  surrogate  solution  (500|U.)  to  each  sample,  method  blank  and  LCS  to 
result  in  a  tirxsl  concentration  of  25  Mg/mL  for  each  bose/neutrol  orxilyfe  orxj  37.5 
^g/mL  for  each  acid  analyte.  As  per  Section  8.4.  to  verify  that  surrogate  is 
accurate,  surrogates  will  be  witnessed  by  another  lob  technician. 

6.25  Add  sufficient  matrix  spike  solution  (500^L)  to  LCS.  and  if  a  matrix  spike  and/or 
matrix  spike  duplicate  are  required,  to  any  QC  samples  to  result  in  a  final 
concentration  of  25  ^g/mL  for  each  bose/neutrol  analyte  and  37.5  |ig/mL  for 
each  acid  oncrtyte.  As  per  Section  8.4.  to  verify  that  matrix  spiking  Is  accurate, 
spikes  will  be  witnessed  by  arK>ther  lob  technicicm. 
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6.26  Vortex  the  sample  1-2  minutes,  periodically  shokirtg  the  sample  viol.  FHter  5  mL  of 
the  10  ml  extract  through  a  0.45  ^m  Whatman  Purodisc  filter  Into  a  10  mL 
concentrator  tube. 

6.27  Mount  the  tube  on  a  nitrogen  evc^x>rator  artd  adjust  the  flow  of  gas  such  that  with 
the  r^eedle  1  to  2  cm  above  the  surface  of  the  extract  a  smaH  ^dentation  con  be 
seen  in  the  surface  of  the  extract.  If  there  is  bubbling  or  sploshing  the  flow  is  too 
high.  If  there  is  ro  indentation  visible,  the  flow  is  too  low. 

6.28  When  the  volume  reaches  approximately  1  mL  remove  the  tube  from  the 
evaporator.  If  necessary,  proceed  with  GPC  cleartup.  Use  only  GPC  1002A.  See 
GPC  Cleanup  SOP. 

6.29  After  GPC  clean  up,  transfer  the  sample  ID  label  to  the  K-0.  The  extract  Is  orK;e 
again  concentrated  using  a  methyier^e  chloride  K-0  apparatus  on  a  water  bath 
OTKl  then  a  r^ltrogen  evaporator. 

6.30  Orxie  the  retract  reaches  1  mL  (or  specified  flrxsl  volume),  it  Is  trorvlerred  to  a  PTFE 
lined.  2  mL  amber  screw  cap  viol  for  analysis  which  has  been  labeled  with  the 
sample  ID  (orange  if  there  was  GPC,  green  if  no  GPC  was  performed). 

7j0  Review 

7.1  The  Organic  Extractions  Supon4sor  will  review  all  bench  work  and  berreh  sheets 
before  distribution. 

11  Review  project  documentation  (special  analytical  requirements,  etc.)  prior  to 
extracting  samples  to  determine  if  special  procedures  ore  required.  See  Section 
6.0. 

8d0  CkMily  Control 

8.1  One  method  blank  win  be  extracted  for  each  batch  of  20  or  fewer  samples. 

82  One  LCS  (spike  blank)  will  be  extracted  for  each  botch  of  20  or  fewer  samples. 

8.3  Orte  MS/MSD  will  be  extracted  for  each  parameter  after  every  20  samples  of 
simnar  rrKrtrix  otkJ  level  (sample  vokjrrte  permitting). 

84  To  verify  that  surrogate  arxj  rriotrix  spiking  is  accurate,  spiking  will  be  witnessed  by 
another  technician. 

9j0  Cofiecllve  AcNont 

9.1  See  Corrective  Action  Charts  section  12.1 . 
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10.1  Constant  attention  must  be  given  when  watching  K.D.'s  on  water  baths,  when 
extracts  ore  beiow  the  surtoce  of  the  watt>r  bath  so  they  do  not  blow  dry. 

10.2  When  blowing  down  extracts  on  the  N^vap  a  time  should  be  used  to  remind  the 
onotyst  of  the  volumes  so  extracts  will  rK>t  be  blown  dry. 

10.3  The  spring  that  goes  around  the  N-Evop  must  be  stretched  out  when  placlr^g  or 
taking  of  concentrator  tubes  to  avoid  snapping  off  the  bottom  halves  of  the 
concentrator  tube  which  could  result  In  loss  of  extract. 

11i)  Method  References 

11.1  U.S.  EPA.  •sonication  Extraction*.  (SW"846).  Method  3550.  Revision  0.  September, 
1966. 

120  AppencHces 

12.1  Corrective  Action  Charts. 
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Standard  Oporoting  Proc«dur« 

Soil  Extraction 

Total  Potroloum  Hydrocarbon  (Modium  Lovol) 


1i)  Scopo  and  Application 

1.1  This  method  details  the  procedure  for  extracting  medium  level  soil  samples  for 
petroleum  hydrocarbons. 

2j0  Definitions 

2.1  Surrogates  -  known  quantities  of  compounds  added  to  all  samples  and  blanks  to 
evaluate  extraction  efficiency. 

2.2  Matrix  Spike  -  known  quantities  of  selected  analytes  added  to  a  sample  to 
evaluate  the  effect  of  sample  matrix  on  analyte  recovery. 

2.3  LCS  (Laboratory  Control  Sample)  -  a  blank  fortified  with  known  quantities  of 
selected  analytes  to  monitor  extraction  efficiency. 

mL  VOA  vial. 

in  kiln  at  400“  C  for  8  hours. 


3.3  5  3/4"  Pasteur  pipets. 

3.4  Aluminum  weighing  dishes. 

3A  Methylene  chloride,  high  purity. 

3.7  Surrogate  and  matrix  spike  solutions. 

|^7rl —  -Surrogate  and  opiko  soMlons  composed  as  follows: 

.  .  ^  ~  CojnDonent  Concentration 

Surrogate  Me^yl  arochidote  1500^g/mL 

Spike  Gasoline  or  Diesel  5000^g/mL 


3.8  Top  loading  balarrce  accurate  to  0.02  g. 

3.9  Vortexer  (Genie  2)  output  to  1 0  with  touch  control. 

3.10  Stainless  steel  spatula 

3.11  Water  Both  set  at  80°  C  (±6"  C) 

3.12  N-Evap  -  Arralytlcal  Nitrogen  Evaporator 

3.13  GPC -/KBC  Model  1002A/1002B 

3.14  1 .0  mL .  syringe 


I 
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3.15  100  liU  500  ^L  syringe  gaslight  Hamilton  syr^>ge. 

3.16  2.5  mL  dear  GC  autosampler  viol . 

3.17  Personal  protective  gear  (gloves,  goggles,  lab  coat) 

40  Documentcrtion 

4.1  TPH/HCID  bench  sheet  (UMS) 

&0  iH’houM  ModMcaflont  to  RefOroneed  Method 

5.1  Section  6.1.3  (metho  1  section  7.5.3):  Surrogate/spike  solution  is  added  to  extract 
after  solvent  is  added. 

52  Section  6.1.3  (method  section  7.5.4);  Samples  are  not  sonicated.  Extract  by 
vortexing  samples  for  approximately  1  minute. 

5.3  Section  6.1.4  (method  section  7.5.5).  Samples  ore  filtered  with  a  0.45  jim  Purodisc 
filter  to  remove  gross  particulates. 

40  Procedures 

6.1  Review  special  analytical  requirements'  sheet  prior  to  extractir>g  samples  to 
determine  if  specioi  procedures  are  required.  See  Section  7.2. 

62  Soii  Extraction 

6.2.1  Prepare  a  berK:h  sheet  for  the  job. 

6.2.2  Warm  samples  to  room  temperature.  Mix  sample  to  ensure  a 
homogeneous  arxJ  representative  portion  from  the  sample  matrix,  mark 
a  cop  with  job  number,  sample  identtfication  letter,  matrix  lO,  end  type  of 
orrolysis.  Next,  use  atop  ioadngbdonce  to  weigh  out  10  g  of  sample  (to 
0.02g)  into  a  tared  scintillation  viol  labeled  with  the  sample  ID  (use  a 
permorrent  marker  to  write  on  the  cap).  Weigh  out  on  additknal  10  g  of 
sample  into  a  tared  weighing  dish  labeled  with  the  sample  ID  (use  a 
permanent  marker  to  write  on  the  dish)  for  dry  weight  determination.  Add 
erKXjgh  sodium  suttote  to  the  vld  to  dry  the  sample.  Cop  sample  orxj  set 
aside.  Repeat  for  all  samples. 

6.2.2.1  To  determine  dry  weight,  weigh  approximately  10  g  of  sample 
into  a  tared  aluminum  weighirrg  which  has  been  labeled  with  sample 
I.D.  (use  a  permanent  marker)  and  set  In  the  drying  oven  set  at  105”C 
overnight.  Take  out  in  morning  and  let  cool  for  15  minutes.  Re-weigh 
samples  artd  record  on  total  solids  benchsheet. 
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Prepare  a  method  blank  and  LCS  by  weighing  out  10  g  of  sodium  sulfate 
into  a  scintillation  vial.  Mark  cap  with  "mb's*  or  "sb's"  and  date.  Cop  and 
set  aside. 

Uncap  each  vial.  Add  10  mL  methyler»e  chloride  arxJ  sufficient  surrogate 
solution  (lOOul)  for  a  final  concentration  of  15  jig/Kg.  As  per  Sectkxr  8.4,  to 
verify  that  surrogate  is  accurate,  surrogates  will  be  witnessed  by  another 
technician. 

Add  matrix  spiking  soiution  (lOOOiiL)  to  LCS,  nrKatrix  spike,  and  matrix  spike 
duplicate  to  resuit  in  a  firKil  corK^entration  of  500  |ig/Kg.  To  keep  firKil 
volume  consistent,  adjust  the  arrtount  of  solvent  added  to  those  samp>les 
receiving  spiking  soiution.  Recap  vial  and  use  vortexer  to  shake  for  about 
1  min.  As  per  Section  8.4,  to  verify  that  matrix  spike  is  accurate,  spike  will 
be  witnessed  by  another  technician. 

Centrifuge  sample  if  necessary.  Filter  sample  to  remove  gross 
particulates,  using  a  0.45  |im  Purodisc  fitter. 

Pipet  approximately  1  mL  of  the  extraction  solvent  with  a  Pasteur  pipet  to 
a  clear  gloss  auto  sampler  vial  which  has  been  labeled  with  the  sample 
ID  (using  a  permanent  marker)  for  arxjlysis. 


7J0  Review 


7.1  The  Organic  Extractions  Supenrisor  will  review  all  bench  work  and  bench  sheets 
before  distribution. 

7.2  Review  project  documentation  (special  analytical  requirements,  etc.)  prior  to 
extracting  samples  to  determine  if  special  procedures  are  required.  See  Section 
6.0. 

8X)  QucMyControl 

8.1  One  method  blank  will  be  extracted  for  each  batch  of  20  or  fewer  samples. 

8.2  One  LCS  (spike  blank)  will  be  extracted  for  each  batch  of  20  or  fewer  samples. 

8.3  One  MS/MSD  will  be  extracted  for  each  parameter  after  every  20  samples  of 
similar  matrix  and  level  (sample  volume  pemrritting). 

8.4  To  verify  that  surrogate  arvj  matrix  spiking  is  accurate,  spiking  will  be  witnessed  by 
ar>other  technician. 

9X)  Corrective  Actiont 

9. 1  See  Corrective  Action  Charts,  section  12.1. 
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lOlO  Mtec«HcNfMout  NotM  and  Procouflons 

10.1  If  extracting  sediments  or  soils  that  ore  extremely  wet  you  must  use  a  40  mL  VOA 
viol  to  weigh  out  1  Og  of  sample.  It  is  easier  to  vortex  the  sample  In  a  40mL  VOA  viol 
rather  than  the  20  mL  scintillation  vial  due  to  the  space  provided  to  mix  sample. 
Low  recoveries  will  occur  in  a  20  mL  scintillation  vial  because  sample  connot  mix 
adequately. 

11i)  Method  Retorencet 

11.1  U.S.  EPA.  "Ultrasonic  Extraction".  (SW-846),  Method  3550B,  Revision  Z  November, 
1990. 

120  Appendices 

1 2. 1  Corrective  Action  Charts. 
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Wal«r  Extioctlon 

Low  Lovol  Total  Polfolouin  HydrocoitMn  (TPH) 

IX)  Scop#  and  AppMcolion 

This  method  details  the  procedure  for  extracting  water  samples  for  petroleum 
hydrocartx>ns  aiKilysis. 


2.1  Surrogates  -  known  quantities  of  compounds  added  to  an  samples  ortd  biortks  to 
evaluate  extraction  efficiertcy. 

22  Matrix  Spike  -  krtown  quantities  of  selected  analytes  ockled  to  a  sample  to 
evaluate  the  effect  of  sample  matrix  on  analyte  recovery. 

2.3  LCS  (Laboratory  Control  Sample)  •  a  blank  fortified  with  krtown  quantities  of 
selected  ar>aiytes  to  monitor  extrac|^^fficiency. 


*  3m  ^xnrlL  separatory  funnel  with  gro 


■  3(1  .TXnrlL  sepafafory  funnel  with  grourKi  glass  stopper  and  PTFE  stopcock. 

32  500  mL  Erlenmeyer  flask. 

3.3  Kudemo-Danish  concentrating  apparatus  (10  mL  concentrator  tube,  500  mL 
concentrator  flask  and  3  boH  Snyder  column). 

3.4  25  X  340  mm  drying  column. 

3.5  1(XX)mL  graduated  cylinder. 

k6  GiCBSwuul'|MpUiildbybaMnginkflnat300°Cfor4hours. 

13.7  Methylene  Chloride,  high  purijy. 

1 3.8  Anhycfrous  sodium  sulfate,  prefxired  by  baking  In  kfln  at  400°C  for  8  hours. 

■  .3.9  Surrogate  and  matrix  spike  solutions. 


Surrogate 

Spike 


Component 

Methyl  orochldote 


Diesel  «2 


Concentration 

1500MO/mL 

5000^g/mL 


3.10  Deionized  water  (Bomsteod  E-Pure.  4^^foduleD4641) 

3.11  Water  both  set  at  80°  C- 85°  C  (with  temperature  control -hS’C). 

3.12  N-Evap  -  Analytical  nitrogen  evaporator. 
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3.13  ScintiNotton  vials  (20  mL)  v/ilh  aluminum  Hned  cop. 

3.14  50  5(X)^L  and  6.0  mLgostlghtHamlfton  syringe. 

3.15  Bollirrg  chips  -  Teflor.  (Chemware). 

3.16  Grey  label  tope 

3.17  2.6  mL  clear  GC  outosompler  viol 

3.18  5  3/4"  deposable  pipet 

3.19  Personal  protective  gear(gloves.  goggles,  Icto  coat) 

4A  Documentation 

4.1  WTPH  Oow  level)  bench  sheet. 

&0  In-house  ModMcoNons  to  Referenced  Method 

5.1  Section  6.2  (WDOE  Apperxflx  L):  Extract  1.0  L  Instead  of  400  mL. 

5.2  Section6.10;  Flask  Is  rinsed  with  60  mL  rather  than  30  mL  of  MeCl2. 

5.3  Section  6.14  (method  section  7.1 1.2):  No  worm  water  is  used  v>/lth  the  nitrogen 
evaporator. 

6>4  Section  6.1 6  (WDOE  Appendix  L):  Extract  to  6.0  mL  final  volume  Instead  of  2  mL. 

6.5  Concentration  Techniques  4.3.4  (Snyder  column,  two-bo#  micro)  cnrxj  4.3.6  (1  /2  In. 
springs)  are  rx>t  In  use  at  ARI.  Technique  4.9  (5.0  mL  syringe)  Is  different. 

5.6  ARI  uses  5.0  mL  500  (iL.  ctkI  50  (iL  syrirtges. 

5.7  Section  3.8:  Anhydrous  sodium  sulfate  is  bcHced  for  8  hours  rather  than  4. 

&0  Procedures 

6.1  Review  special  analytical  requirements'  sheet  prior  to  extracting  samples  to 
determine  if  special  procedi^es  are  reqi^red.  See  Section  7.2. 

6.2  Fill  out  berrch  sheet  for  Job.  See  attached  example. 

6.3  Warm  samples  to  room  temperature,  and  mix  samples  to  ensure  a 
homogeneous  portion.  Label  each  separatory  funnel  with  a  piece  of  gray  label 
tope  with  the  fdlowkig  Information:  Job  number,  sample  identification  letter,  matrix 
ID,  type  of  extroctKXi  and,  for  the  bionks^  the  date. 

(Note:  Duplicate  of  one  sample  required  per  10  samples.) 

Use  graduated  cylinder  to  measure  1  liter  of  sample,  aixl  transfer  It  to  the 
separatory  funnel.  Repeat  for  each  sample.  Prepare  two  separatory  funnels  with 
organic-free  water  for  use  os  method  bknk  arxj  LCS. 
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6.4  Add  sufficient  surrogate  soiution  (30^L)  to  each  sampie,  method  blank  arKl  LCS  to 
result  In  a  final  concentration  of  75  ng/mL  As  per  Section  8.4  to  verify  that 
surrogate  is  accurate,  surrogates  will  be  witnessed  by  another  lab  technician. 

6.5  Add  sufficient  matrix  spike  solution  (300  jiL)  to  the  LCS,  and,  if  a  matrix  spike  arrd/or 
matrix  spike  duplicate  are  required,  to  any  QC  samples  to  result  in  a  final 
concentration  of  1500  jig/mL.  As  per  Section  8.4  to  verify  that  matrix  spiking  is 
accurate,  surrogates  will  be  witnessed  by  another  lab  technician. 

6.6  Add  60  mL  of  methylene  chloride  to  each  sample  bottie,  then  pour  into  the 
corresponding  separatory  funnel. 

6.7  Seal  and  shake  the  separatory  funnels  vigorously  for  1  to  2  minutes  with  periodic 
venting  to  release  excess  pressure. 

6.8  Allow  organic  and  aqueous  layers  to  separate.  Drain  entire  organic  layer 
(including  any  emulsion)  into  an  Erlenmeyer  flask  labeled  with  the  sample  ID  (use  a 
permanent  marker), 

6.9  Repeat  steps  6  through  8  two  more  times.  If  emulsion  is  present  it  must  be  broken 
up  by  whatever  mechanical  means  necessary  and  all  non  organic  material 
(water,  silt,  etc.)  is  returned  to  the  separatory  funnel.  Drain  the  organic  layer. 

6.10  Assemble  a  Kuderna-Danish  (K-D)  concentrator  by  attaching  a  methylene 
chloride  rinsed  10  mL  concentrator  tube  to  a  rinsed  with  methylene  chloride  500  mL 
evaporation  flask.  Prepare  a  drying  column  by  putting  a  glass  wool  plug  inside  at 
the  narrow  end  and  filling  the  column  with  anhydrous  sodium  sulfate  to  a  bed 
height  of  approximately  10  cm.  Rinse  the  prepared  column  once  with  30  mL 
methylene  chloride. 

6.1 1  Dry  the  extract  by  passing  it  through  the  drying  column  and  collecting  it  in  the  K-D 
concentrator.  Rinse  the  Erlenmeyer  flask  three  times  with  15  mL  methylene  chloride 
and  add  this  to  the  column  os  well.  Once  the  entire  extract  has  passed  through  the 
drying  column,  rinse  the  column  with  15  mL  methylene  chloride.  Transfer  the  label 
which  has  been  labeled  with  the  sampie  ID  to  the  K-D.  Check  sample  I.D. 

6.12  Remove  drying  column,  add  2  or  3  clean  boiling  chips  to  the  concentrator  flask, 
attach  a  three  ball  Snyder  column,  and  put  entire  apparatus  on  a  water  bath  set  at 
approximately  80‘’C.  Wet  the  inside  of  the  Snyder  column  with  1  to  2  mL  of 
methylene  chloride  before  boiling  starts. 
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6.13 

6.14 


6.15 


6.16 


7j0 

7.1 


SD 

8.1 

8.2 

8.3 

8>t 

9Si 

9.1 
100 

10.1 


Once  the  extract  has  concentrated  to  about  4  to  6  mL  remove  the  apparatus  from 
the  water  both.  Put  apparatus  in  rock  end  allow  to  stand  for  about  10  minutes. 
Remove  Snyder  columa  remove  all  water  from  the  Joint  between  the  flask  and  the 
corK:entrator  tube  with  a  kimwipe,  artd  disassemble  the  tube  arvj  flask.  Rir^  the 
lower  Joint  of  the  flask  into  the  tube  with  methylene  chloride.  Do  rtot  over  All  the  tube. 
Transfer  the  label  with  the  sample  ID  to  the  tube. 

Mount  the  tube  on  a  nitrogen  eveporotor  ortd  oc^ust  the  flow  of  gas  so  that,  with  the 
needle  1  to  2  cm  above  the  surface  of  the  extract,  a  small  Indentation  can  be 
seen  in  the  surface  of  the  extract.  If  there  is  bubblir^g  or  splashing,  the  flow  is  too 
high.  If  there  is  no  indentation  visible,  the  flow  is  too  low. 

Or»ce  the  extract  reaches  3  mL  (or  specified  Arval  volume),  an  aliquot  is  transferred 
via  disposal  pipet  to  a  2  mL  clear  GC  auto  somi^ler  vial  (which  has  been  labeled  in 
permanent  marker  with  the  sample  ID)  for  analysis. 

Review 

The  Organic  Extractions  Supervisor  will  review  all  bench  work  and  bench  sheets 
before  distribution. 

Review  project  documentation  (special  analytical  requirements,  etc.)  prior  to 
extracting  samples  to  determine  if  specicri  procedures  are  required.  See  Section 
6.0. 

QuoMy  Control 

One  method  blank  will  be  extracted  for  each  botch  of  20  or  fewer  samples. 

One  LCS  (spike  blank)  will  be  extracted  for  each  batch  of  20  or  fewer  samples. 

One  MS/MSD  will  be  extracted  for  each  parameter  after  every  20  samples  of 
similar  matrix  arxl  level  (sample  volume  permitting). 

To  verify  that  surrogate  aixi  matrix  spiking  is  accurate,  spiking  will  be  witnessed  by 
another  technician. 

Corrective  Action 

See  Corrective  Action  Charts,  section  12.1. 

MtoceNarrooiM  Notes  ortd  Piecoutlont 

If  sample  will  not  blow  to  final  volume  (5.0  mL),  take  a  1 .0  mL  aliquot  of  its  existir^ 
volume  (e.g.  10  mL),  r>ote  the  volume  on  the  bench  sheet,  and  send  sample  to  the 
appropriate  laboratory  for  analysis. 
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10.2  Constant  attention  must  be  given  when  watching  K.D.'s  on  the  water  baths,  when 
extracts  are  below  the  surface  of  the  water  both  so  they  do  not  blow  dry. 

10.3  When  blowing  down  extracts  on  the  N-Evap  a  time  should  be  used  to  remind  the 
analyst  of  the  volumes  so  extracts  will  not  be  blown  dry. 

10.4  The  spring  that  goes  around  the  N-Evap  must  be  stretched  out  when  placing  or 
taking  of  concentrator  tubes  to  avoid  snapping  off  the  bottom  halves  of  the 
concentrator  tube  which  could  result  in  loss  of  extract. 

11.0  Method  References 

11.1  U.S.  EPA.  "Separatory  Funnel  Liquid-Liquid  Extraction",  (SW-846).  Methods  361  OB, 
Revision  2,  November,  1992. 

1 1 .2  Washington  Deixirtment  of  Ecology,  Appendix  L  April  1 992. 

120  Appendices 

1 2. 1  Corrective  Action  Charts. 
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CORRECTIVE  ACTION  FOR  EMULSIONS 


I  Drain  Emulsion  into  a  | 
centrifuge  tube.  I 


Proceed  with  the 
extraction 


Corrective  Action  for  Loss  of  Sample  on  Water  Bath  or  N-Evap 
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StcmdoKl  Op«icMng  Procvduw  -  VoloHIti  Ancriyiit  (Method  8260) 

(United  SIcdM  Air  Force) 

VotaNIe  Organic  Compounds  by  Oos  Chrom^ography/Moat  Spectrometry  (GC/MQ 
CopMory  Column  Technique 


IjO  Scope  OTKl  AppHcoNon 

1.1  ARt  8^  Is  used  to  determine  the  concentration  of  volatile  organic  compounds  In 
a  variety  of  solid  waste  matrices,  soils,  ortd  ground  water.  See  Section  1 2.5,  Table 
5  for  the  compounds  that  con  be  determirted  by  this  method. 

1 .2  This  method  Is  applicable  to  nearly  all  types  of  samples,  regcvdless  of  water 
content.  Including  ground  water,  oepjeous  sludgei  caustic  liquors,  acid  Hquors, 
waste  solvents,  oily  wastes,  mousses,  tars,  fibrous  wastes,  poiymenc  emuisiorrs, 
filter  cakes,  spent  corborrs,  spent  catalysts,  soils,  and  sedknents. 

1.3  ARt  8260  con  be  used  to  quantttotate  most  volatile  organic  compounds  that  have 
bodrig  points  below  200°C  and  that  ore  Insoluble  or  slightly  sdubie  in  water.  Volcrttle 
water-soluble  compounds  can  be  Included  in  this  orxdytlcal  technique.  However, 
for  the  more  soluble  compourKis,  quantitation  limits  are  approximately  ten  times 
higher  because  of  poor  purging  efficierx:y.  Such  compounds  Include  ketones, 
nitriles,  acetates,  acrylates,  ethea  and  sulfides.  See  Tobies  2  arrd  5  for  lists  of 
analytes  and  their  characteristic  Ions  that  hove  been  evaluated  on  a  purge  otkI- 
trap  GC/MS  system. 

14  The  estimated  detection  limit  (DL)  of  Method  8260  for  an  IndMdual  compound  is 
approximately  5  ^g/kg  (wet  weight)  for  soil/sediment  samples,  and  5  itg/L  for 
grourfowater.  DLs  will  be  proportionately  higher  for  sample  extracts  and  for 
sarrfoles  that  require  dilution  or  reduced  scxrrpie  size  to  avoid  saturation  of  the 
system.  Method  detection  limit  (MDL)  studies  are  performed  for  each  matrix. 

15  ARl  8260  is  based  upon  a  purge-and-trap,  gas  chromatographic/mass 
spectrometric  (GC/MS)  procedure.  This  method  is  restricted  to  use  by,  or  urKier 
the  supenfision  of,  analysts  experienced  In  the  use  of  purge-and-trap  sterns  ortd 
gas  chromotograph/moss  spectrometers,  and  skilled  in  the  interpretation  of  moss 
spectra  otkI  their  use  os  a  quantitative  tod. 

15  This  document  summarizes  the  laboratory  procedures  for  GC/MS  analysis  for 
Volatile  organics.  Text  hen  been  token  from  SW-846  Method  8260,  Revision  0,  July 
1992.  Modifications  to  these  methods  have  been  Incorporated  into  the  document 
text  and  ere  identified  In  section  5.0. 
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3k0  Equipment 

3.1  Gas  chromatograph/mass  spectrometer  system 

3.1.1  Gas  chromatograph:  Vartan  3400  ana  Hewlett-Packard  5790  are 
temperature-programmable,  and  suitable  for  |ourge-and-trap  systems. 

3.1.2  Column:  105  m  x  0.53  mm  ID  capillary  column,  Megabore,  3.0m  film 
thickness  silicone  coated  fused  silica  capillary  column. (Restek  Rtx502.2 
orMfx502.2) 

3.1.3  Mass  spectrometer:  Finnigan  Irxios  50  and  FInnigan  4500  are  capable  of 
scanning  from  35  to  300  amu  every  1  second  or  less,  uslr>g  70  volts 
(nominal)  electron  energy  in  the  electron  impact  ionization  mode.  The 
mass  spectrometer  must  be  capable  of  producing  a  mass  spectrum  for 
Bromofluorobenzene  (BFB)  which  meets  all  of  the  criterlo  in  Table  1  when 
50  ng  of  the  GC/MS  tuning  storxJord  (BFB)  is  purged  onto  the  column. 

3.1.4  Purge-and-trap  system 

3. 1.4.1  Dynatech  PTA-30  Autosampler:  In  tho  soil  mode,  samples  are 
purged  at  the  autosampler;  In  tho  water  mode,  an  aliquot  of 
sample  is  delivered  to  the  ISC.  (See  Autosampler  SOP) 

3. 1.4.2  Trap:  Supelco  trap  K  (VOCARB)  or  equivalent. 

3.1 .4.3  Tekmar  LSC  2000  with  MCM  3000:  capable  of  rapidly  heating  the 
trap  to  250"C  during  desorption.  The  trap  bake-out  temperature 
should  not  exceed  260^,  or  270“C  for  corKNtlonIrTg  of  trap  (may  be 
fitted  with  Turbo  CooT)- 

3.2  GC/MS  Interfoce:  A  Gloss  Jet  Separator. 

3.3  Data  system:  A  computer  system  Interfaced  to  the  mass  spectrometer.  The 
system  must  allow  continuous  acquisition  and  storage  on  machine-readable 
media  of  all  mass  spectra  obtained  throughout  the  duration  of  the 
chromatographic  program.  The  computer  has  software  that  can  search  any 
GC/MS  data  file  for  ions  of  a  specified  moss  and  can  plot  such  Ion  abundance 
versus  time  or  scan  number.  This  type  of  plot  Is  defined  as  on  Extracted  Ion  Current 
Profile  (EICP).  Software  must  also  be  available  that  con  htegrote  the  abundance  In 
any  EICP  between  specified  time  or  scarvnumber  limits.  The  FInnigan  Incos  50 
system  uses  Revision  1 1 ,0,  and  the  FInnigan  4600  uses  Revision  8.0  with  the  Nova  4x 
data  system. 

3A  Microsyringes:  10, 25, 100, 250, 500,  and  1,CXX)  mI. 

3.5  Syringe  valve:  Two-way,  with  Luer  encte  (three  each),  if  applicable  to  the  purging 
device. 
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3.6  Syringes:  5,  10,  or  25  mL  gas-tight  with  shutoff  vaive. 

3.7  Baiances:  Anoiytical,  0.0001 g,  and  top  toodlr^g,  0.01  g. 

3.8  Glass  scintillation  vials:  20  mL  with  Teflon  lined  screw-caps. 

3.9  40  mL  sample  vial  with  Teflon  septa  (precleaned  or  baked  at  1 05®C  for  1  hour) 

3.10  Disposable  pipets:  Pasteur. 

3.1 1  Volumetric  flasks.  Class  A:  5mL  10  mL  25  mL  50  mL  and  100  mL  with  grouixt  gloss 
stoppers. 

3.12  Spatula:  Stainless  steel. 

3.13  Reagents 

3.13.1  Reagent  grade  chemicals  shall  be  used  in  all  tests.  Unless  otherwise 
indicated,  it  is  intended  that  all  reagents  shall  conform  to  the 
specifications  of  the  Committee  on  ArKilytlcal  Reagents  of  the  American 
Chemical  Society,  where  such  speciflcatlons  are  available.  There 
grades  may  be  used,  provided  it  Is  first  ascertained  that  the  reagent  is  of 
sufficiently  high  purity  to  permit  its  use  without  lessening  the  accuracy  of 
the  determination. 

3.13.2  Organic-free  water  --  All  references  to  water  in  this  method  refer  to 
organic-free  reagent  water. 

3.13.2.1  The  organic-free  water  system  is  a  Barnstead  E-PURE  with  an 
insta-pure  prefilter  R40,  using  Bamstead/Thermolyne  cartridges. 

1 .  DO803  high  capacity  cartridge 

2.  DO809  uitrapure  01  cartridge 

3.  D081 3  organic  removal  cartridge 

3. 1 3.2.2  Filters  are  changed  every  three  to  six  months,  or  when  chloroform 
or  methylene  chloride  levels  exceed  0.2  ppb. 

3.13.3  Methanol.  CH30H:  Purge  and  Trap  quality,  demonstrated  to  be  free  of 
analytes.  Store  apart  from  oflier  solvents. 

3.134  Hydrochloric  acid  (1:1  v/v),  HCI:  Carefully  add  a  measured  volume  of 
corjcentroted  HC!  to  an  equal  volume  of  organic-free  water. 

13.5  Stock  standard  solutions  (1000  ^g/ml,2000  ng/ml)  ~  Standards  are 
purchased  as  certified  solutions. 
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4.1  GC/MS  logbook 

4.2  Standard  Preparation  logbook 

4.3  Maintenance  logbook 

50  ln*houto  ModMcottons  to  Roforonced  MottMcl 

The  Laboratory  employs  the  followlr^  modifications  to  SW-846  Method  0260, 
Revision  0,  July  1992. 

5. 1  Sections  6.6.3. 1 ,  6.6.4, 6.6.5  (method  section  3.2)  Screening  is  accomplished  using  a 
portable  Organic  Vapor  Meter  (OVM)  with  a  photo  ionization  detector  (PID). 

52  Section  3.1 .2  (method  section  4.3.2)  Columns  used  are  Restex  Rtx502.Z  105  meter, 
0.53  id,  3  micron  and  Restex  Mtx502.Z  105  meter,  0.53  id,  3  micron. 

5.3  Section  6.3.2  (method  section  4.3.4)  50  ng  total  BFB  equivalent  is  purge  onto  the 
system. 

5.4  Section  6.2.3  (method  section  5.7)  Purchased  certified  stock  solutions  expiration 
dotes  are  used,  or  if  solutions  are  held  under  proper  storage  corKlitions  in  sealed 
ampules  for  5  years. 

5.5  Section  6.2.5  (method  section  5.9)  d4-l. 2-dichlorobenzene  is  an  additional 
surrogate  standard. 

5.6  Method  section  7.1  has  been  omitted.  Direct  injection  of  samples  is  not 
performed. 

5.7  Section  6.3.1  (method  section  7.2)  operatlr)g  conditions  have  been  modified  to 
reflect  Instrument  coixiitions. 

5.8  Section  6.3.3;  A  table  of  purge-arKi-trap  condition  recommendations  has  been 
added. 

5.9  Section  6.4.1  (method  section  7.5)  water  and  soil  autosamplers  are  in  use.  See 
related  SOP. 

5.10  Method  section  7.5. 1 . 1 4  has  been  omitted.  Narrow  bore  capNIary  columns  ore  not 
in  use. 

5.1 1  Section  6,6.6.1  (method  section  7.5.3.2.1)  2g  wet  weight  of  sample  and  5mL  purge- 
and-trap  grade  metharK)!  are  used. 

5.12  Sections  6.6.6.1 .1, 6.6.6.1 .7  (method  section  7.5.3.2.2)  50  ^L  surrogate  spiking  solution 
at  250  ^g/mL 
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6.13  Section  6.6.1  Addition  of  EICP  area  responses  and  RRT  shift  allowance  in  the  daily 
analysis. 

5.14  Section  6.6.6. 1.7  (method  section  7.5.3.2.9)  50  ^L  matrix  spiking  solution  at  250 
4g/mL  50  surrogate  spiking  solution  is  added  to  2g/5mL  purge-ar>d-trap  grade 
methanol. 

6.15  Section  7. 1.1.1  (method  section  7.6. 1.1)  Standard  reference  moss  spectra  are 
checked  daily  against  the  fit  In  the  diagnostic  report  having  to  meet  the  7X  fit 
criteria  for  norvcoeluting  compounds  and  550  fit  criteria  for  coeluting  compounds. 

5.16  Section  8.3:  Method  section  8.5  has  been  omitted.  Method  detection  limit  (MDL) 
studies  have  been  performed  of  this  arralysls  as  per  40  CFR,  part  1 36. 

5.17  Addition  of  Analysis  records  procedures  in  section  7.2 

5. 1 8  Addition  of  Analyst  review  of  data  in  section  7.3 

5.19  Addition  of  Holding  times  in  section  8.6 

5.20  Section  9.2. 1.3  (method  section  8.8.6)  'Estimated  concentration'  is  char>ged  to 
•matrix  effect.'  (NO  FLAG) 

6.21  Section  6.6.4:  The  range  of  internal  {.tandard  response  limits  from  the  initial 
calibration  have  been  added  to  the  method. 

&0  Procedure 

6.1  Summary  of  Method 

6.1.1  The  volatile  compounds  are  introduced  into  the  gas  chromatograph  by 
the  purge-and-trap  method.  Purged  sample  components  ore  trapped  in 
a  tube  containing  suitable  sorbent  materials.  When  purging  is  complete, 
the  sorbent  tube  is  heated  arKi  bock  flushed  with  helium  to  desorb 
trapped  sample  components.  The  aixilytes  are  desorbed  directly  to  a 
megabore  capillary  column.  The  column  is  temperature-programmed 
to  separate  the  analytes,  which  are  then  detected  with  a  mass 
spectrometer  (MS)  interfaced  to  the  gas  chromatograph  through  a  jet 
separator. 

6.1.2  If  the  above  sample  introduction  techniques  are  not  applicabie  (as  with 
highly  contaminated  or  product  samples),  a  methanol  extract  of  the 
sample  Is  combined  with  organic-free  reagent  water  in  the  purge 
chamber.  It  Is  then  analyzed  by  purge-and-trap  GC/MS  following  the 
normal  water  method. 
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6.1.3  Qualitative  Identifications  ore  confirmed  by  analyzing  stortdards  under 
the  same  conditions  used  for  samples  artd  comparing  resultant  moss 
spectra  and  GC  retention  times.  Each  identified  component  is 
quantitated  by  relating  the  MS  resportse  for  each  compound  to  the  MS 
response  for  a  specific  internal  standard,  using  specific  quantitation 
masses. 

62  Standards 

6.2.1  Stock  standards  are  used  if  they  are  certified  by  the  manufacturer  or  by 
an  IrKleperKjent  source,  if  certified  standards  ore  not  available,  prepare 
stock  solutions  by  accurately  weighing  about  0.0200  g  of  pure  material. 
Dissolve  the  material  in  purge-ond-trap  methanol  and  cElute  to  volume  in 
a  lOmL  volumetric  flask.  Other  volumes  can  be  used  at  the  discretion  of 
the  analyst.  When  compound  purity  is  assayed  to  be  96%  or  greater,  the 
weight  may  be  used  without  correction  to  calculate  the  corKsentrotion  of 
the  stock  standard. 

6.2. 1.1  Standards  are  prepared  by  meosurirtg  a  calculated  amount  of 
stock  standards  into  a  volumetric  flask  contalnirtg  a  small  arrKXjnt 
of  purge-arKt-trap  grade  methanol.  Bring  up  to  volume  otkI  invert 
several  times  to  mix. 

Coculoted  standard  cwnt.  ®  (FVWWS) 

S8 

where; 

FV  =  Final  Volume  of  working  standard 

VWS  =  Desired  concentration  of  volatile  working 
starKlard 

SS  =  Certified  stock  standards 

6.2.2  Transfer  the  stock  standard  solutions  into  vials  with  Teflon-lined  screw- 
caps.  Store  at  -1 6  to  -20®C  and  protect  from  light.  Stock  starxjcvds  should 
be  checked  frequently  for  signs  of  degradation  or  evaporation, 
especially  just  prior  to  preparing  calibration  standards  from  them. 

6.23  Stock  startdords  solutions  must  be  replaced  after  1  year  if  prepared  from 
neats,  or  sooner  if  comparison  with  quality  control  check  samples 
indicates  a  problem.  Purchased  certified  stock  standards  must  be 
replaced  at  or  before  the  expiration  dote  provided  by  the  supplier.  Store 
at  -16  to  -20“C  when  rx>t  being  used. 

6.2.4  Prepare  fresh  working  standards  if  comparison  with  check  standards 
indicates  a  problem.  Both  gas  and  liquid  standards  must  be  monitored 
closely  by  comparison  to  the  Initial  calibration  cun/e  otkI  by  comparison 
to  QC  check  starxiards.  it  may  be  necessary  to  replace  the  standards 
more  frequently  if  either  check  exceeds  25%  difference.  Store  at  -15  to 
-20°C  when  not  being  used. 
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6.2.5  Surrogate  standards:  The  surrogates  recommended  are  toluene-d8.  4- 
bromofluorobenzene.  1 . 2-dichlorobenzene-d4. 1 , 2-dichlorethane-d4.  and 
dibromofluoromethane.  Other  compounds  may  be  used  os  surrogates, 
depending  upon  the  analysis  requirements.  A  surrogate  starKlord  spiking 
soiution  should  be  prepared  from  the  stock  at  a  concentration  of  25-250 
^ig/mL  in  methanol.  Store  at  -15  to  -20®C  when  not  being  used. 

6.2.6  Internal  standards:  Internal  standards  used  are  chlorobenzene-d5,  1,4- 
difluorobenzene,  l,4-dichlorobenzene-d4,  and  pentafluorobenzene. 
Other  compounds  may  be  used  as  internal  standards  os  long  as  they 
have  retention  times  similar  to  the  compounds  being  detected  by 
GC/MS.  It  is  recommended  that  the  secondary  dilution  standard  should 
be  prepared  at  a  concentration  of  25  jig/mL  of  each  InterrKil  standard 
compound.  Addition  of  10  uL  of  this  standard  to  5.0  mL  of  sample  or 
calibration  starxjard  would  be  the  equivalent  of  50  ng/mL  .Store  at  - 1 5  to 
-20“C  when  not  being  used. 

6.2.7  4-Bromofluorobenzene  (BFB)  standard:  A  standard  solution  containing  25 
^g/mL  of  BFB  In  methanol  should  be  prepared.  Store  at  -1 5  to  -20“C  when 
not  being  used. 

6.2.8  Document  Standard  preparation  according  to  Instructions  in  the  VOA 
Standard  Preparation  SOP. 

6.2.9  Calibration  standards:  Calibration  standards  at  a  minimum  of  five 
concentrations  are  prepared  from  the  secondary  dilution  of  stock 
standards.  API  uses  final  concentrations  of  5,  10,  20,  50,  100,  and  200 
ng/mL.  Prepare  these  solutions  in  organic-free  reagent  water.  One  of  the 
concentrations  is  near  but  above  the  method  detection  limit.  The 
remaining  concentrations  correspond  to  the  expected  range  of 
concentrations  found  in  real  samples  but  should  not  exceed  the  working 
range  of  the  GC/MS  system.  Each  standard  contains  each  analyte  for 
detection  by  this  method  (e.g.  some  or  all  of  the  comp  nds  listed  in 
Table  2  may  be  included).  Calibration  standards  must  be  prepared  on 
the  day  of  use. 

6.2.10  Matrix  spiking  standards:  Matrix  spiking  standards  are  prepared  from 
volatile  organic  compounds  which  will  be  representative  of  the 
compounds  being  investigated.  At  a  minimum,  the  matrix  spike  will 
include  1,1  dichloroethene,  trichloroethene,  chlorobenzene,  toluene, 
arxj  benzene.  OccaslorKilly,  a  project  may  require  the  spiking  of  specific 
compounds  of  interest,  especially  if  they  are  polar  and  would  not  be 
represented  by  the  above  listed  compounds.  The  standard  should  be 
prepared  In  a  client  sample,  with  each  compound  present  at  a 
corjcentratlon  of  50ng/mL. 
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6.3  Operating  Parameters; 


6.3.1  GC/MS 


Required  GC/MS  ODerotlna 
Mass  range: 

Scan  time: 

Electron  volts; 


cpndltlQns: 
35^amu 
1  sec./scan  or  less 
70  volts  (r>omlr>aO 


Rfifiommefided  conditions: 


Initial  temperature: 
Temperature  program: 
FIrKil  temperakire: 
Source  temperature: 

Transfer  nozzle/line: 
Carrier  Gas: 

6.3.2  Purge  &  Trap 


36PC2min 

36-1 75“C  at  9^/mla50’C/mln.  to  26CK: 
^OC.hokj  4  min. 

According  to  manufacturer's  specs. 

15Q-25t7C 

20C>30tK: 

Helium  at  30-60mL/mln. 


Recommended  conditions: 


Purge 
Dry  purge 
MCM  desorb 
Desorb  preheat 
Desorb 
Bake 

Valve  temperature 
Mount  temperature 
Line 

MCM  Bake 


1 1  minutes 
2  minutes 
10-2tK: 

290C 

6mbrHJtesat2S0°C 
4  minutes  at  260k:; 
50-1  iok: 

30-1  iok: 

50-200K: 

60WC 


6.3.3  The  purge-and-trap  is  assembled  to  manufacturer's  specifications.  It 
should  be  capable  of  rcpldty  heating  the  trap  to  250°C  during  desorption. 
The  trap  bake-out  temperature  should  not  exceed  260°C.  A  sample 
heater  should  be  capable  of  maintaining  the  purging  chamber  to  within 
fC  over  the  temperature  range  of  ambient  to  lOOK^. 


tA  Initial  calibration: 


6.4.1  The  GC/MS  system  must  be  hardware  tuned  to  meet  the  criteria  in 
section  12.1,  Table  1  for  a  50  ng  total  purge  of  BFB.  Analysis  cannot  begin 
until  all  these  criteria  have  been  met. 

6.4.2  A  set  of  at  least  five  calibration  standards  containing  the  method 
analytfs  is  needed.  One  calibration  starrdard  should  contain  each 
analyte  at  a  concentrcHon  approaching  but  greater  than  the  method 
detection  limit  for  that  compound.  The  other  calibration  standards 
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Should  contain  anolytes  at  concentrations  that  define  the  rortge  of  the 
method.  ARI  uses  final  concentrations  of  5,  10,  20.  50,  100.  arxj  200  r>g/mL 
(ng/g  for  soils).  The  purgir^  efficlertcy  for  5  mL  of  water  is  greater  than 
that  for  25  mL  therefore,  develop  the  stoixiard  cun/e  from  the  specific 
volume  of  sample  that  will  be  analyzed.  To  prepare  a  calibration 
standard,  add  on  appropriate  volume  of  a  secoiidary  dilution  startdard 
solution  to  on  aliquot  of  orgcryc-free  reogent  water  in  a  volumetric  flask. 
Trar»fer  the  contents  to  a  purc^ng  device. 

6.4.3  Analyze  each  calibration  standard  oryj  tabulate  the  area  response  of 
the  quantitation  ions  against  cortcentrotlon  for  each  compourtd  and 
each  internal  standard  (see  Table  2).  Calculate  response  factors  (RF) 
for  each  compound  relative  to  its  internal  storKlord.  The  interrysl  standard 
selected  for  the  calculation  of  the  RF  for  a  compouixj  should  be  the 
internal  standard  that  has  a  retention  time  closest  to  the  compound 
being  measured.  Calculate  response  factors  (RF)  for  each  compourKi 
os  follows. 

RF  -  (AxCls)/(AlsCx).  where: 

Ax  a  Area  of  the  characteristic  ion  for  the  compourxj 
being  measured. 

Ais  «  Area  of  the  characteristic  ion  for  the  specific 
Internet  standard. 

CIS  a  Corrcentrotion  of  the  specific  internal  standard. 

Cx  a  CorKjentrotlon  of  the  compound  being  measured. 

6.4.4  The  overage  RF  should  be  calculated  for  each  compound.  The  percent 
relative  standard  deviation  (%RSD  a  100(SD/RF))  should  also  be 
calculated  for  each  compourKJ.  The  relative  retention  times  of  each 
compound  in  each  calibration  run  should  agree  within  0.06  relative 
retention  time  units  of  each  other. 

6.4.5  System  Performance  Check  Compounds  (SPCC):  Five  compounds  are 
checked  for  a  minimum  average  response  factor.  These  compounds 
are  chloromethane;  1.1-dichloroethane;  bromoform;  1, 1,2,2- 
tetrachloroethane;  and  chlorobenzene.  The  minimum  acceptable 
overage  RF  for  these  compounds  should  be  0.300  (0  250  for  bromoform. 
0.100  for  chloromethane).  These  compounds  typically  hove  RFs  of  0.4  - 
0.6:  they  are  used  to  check  compound  Instability  and  to  check  for 
degradation  caused  by  contaminated  lines  or  active  sites  in  the  system. 
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6A6  Calibration  Check  Compourxjs  (CCC);  After  the  system  performarK;e 
check  is  met,  CCCs  ore  used  to  check  the  vaNdtty  of  the  Initial  coNbratton. 
Coicuiate  the  percent  reioth/e  standard  deviation  os  foNows: 

%RSO  -  SDxlOO 

X 

where: 


RSD  - 

Reiottve  starxjard  deviation 

X  « 

Mean  of  5  Initial  RFs  for  a  compourKi 

SD 

Starxlard  deviation  of  average  RFs  for  a 
compourtd. 

SO 

Sq.Rt{N(xi-x)2/N-1} 

£ 

l>1 


6A.7  The  %RSO  for  each  individual  CCC  must  be  less  than  30  percent.  This 
criterion  must  be  met  tor  the  IrKividuai  calibration  to  be  va^.  The  CCCs 
are; 


I.T-Oichloroethene 
Chiorotorm 
1 ,2-Dichioropropane 
Toluene 
Ethylbenzene 
Vki^  chloride. 

6,5  DaHy  GC/MS  Calibration 

6.5.1  Prior  to  the  analysis  of  samples,  the  GC/MS  tunino  stendord  must  be  met. 
Purge  50  ng  of  the  4-bromofiuorobenzene  starxlard.  The  resulting  mass 
spectra  must  meet  aM  of  the  criteria  given  in  Section  12.1.  Table  1  before 
sample  arxiiysis  begins.  A  spectrum  is  obtained  by  summing  three  scons 
(the  peak  apex  scan  and  a  scon  immediately  preceding  and  foHowirrg 
the  apex)  and  subtracting  a  single  scan  not  more  than  20  scans  prior  to 
the  elution  of  BFB.  These  criteria  must  be  demonstrated  each  12-hour 
shift. 

6.5.2  A  calibration  standard  at  mid-concentration  (50  ppb),  contairring  each 
compound  of  interest,  including  ail  required  surrogates,  must  be 
performed  every  1 2  hours  during  arxsiysis.  (Compare  the  response  factor 
data  of  the  standard  every  12  hours  against  the  average  response  factor 
from  the  initial  calibration  for  a  specific  instrument  as  per  the  SPCC  and 
CCC  criteria. 
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6.5.3  System  Performance  Check  Compounds  (SPCC)  and  CoJibrotion  Check 
Compounds  (CCC). 

6.5.3. 1  System  Performarrce  Check  CompxDunds  (SPCCs):  A  system 
(performance  check  must  be  made  during  every  12  hour  shift.  If 
the  SPCC  criteria  are  met.  a  comixirlson  of  response  factors  is 
mode  for  all  compourtds.  This  is  the  same  check  that  is  applied 
during  the  initial  ccrtibration.  If  the  minimum  resjponse  factors  are 
not  met,  the  system  must  be  evaluated,  and  corrective  action 
must  be  taken  before  sample  analysis  begins.  Some  possible 
problems  are  standard  mixture  degradation,  contamination  at 
the  front  end  of  the  analytical  column,  and  active  sites  in  the 
column  or  purge-and-trap  system. 

6.5.3.2  After  the  system  (performance  check  is  met,  CCC's  listed  in 
Section  6.4.7  are  used  to  check  the  validity  of  the  initial 
calibration. 

Calculate  the  (percent  difference  using: 

^Difference*  RR  -  RFc  x  100 
RR 

RFi  3  Average  response  factor  from  initial  coiibratkpn. 

RFc  *  Response  factor  from  current  verification  starKlard. 

If  the  (Percent  difference  for  any  com(Pound  is  greater  than  20,  this 
is  considered  a  warning  limit.  If  the  percent  difference  for  CCCs  is 
less  than  25%.  the  initial  calibration  is  assumed  to  be  valid.  If  the 
criterion  is  not  met  (>25%  dlffererxpe)  for  any  one  CCC,  corrective 
action  must  be  taken.  Problems  similar  to  those  listed  under 
SPCCs  could  affect  this  criterion.  If  no  source  of  the  (Problem  can 
be  determined  after  corrective  action  has  been  taken,  a  new 
calibration  rruist  be  generated.  This  criterion  must  be  met  before 
samiple  analysis  begins. 

6.5.4  The  interrKil  standard  responses  and  retention  times  In  the  continuirtg 
calibration  standard  must  be  evaluated  during  or  immediately  after  data 
acquisition.  If  the  retention  time  for  any  internal  starKlard  changes  by 
more  than  30  seconds  from  the  last  daily  calibration,  the 
chromatogra(Phic  system  must  be  Inspected  for  malfunctions  and 
corrections  must  be  made,  os  required.  If  the  EICP  area  for  any  of  the 
internal  starKkirds  changes  by  -25%  to  +50%  from  the  Initial  calibration 
startdard,  the  mass  spectrometer  must  be  Inspected  for  malfurKPtions 
and  corrections  must  be  mode,  as  a|ppro|Priate.  Areas  are 
documented  in  the  daily  run  log  (Section  4.0). 
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6.6  GC/MS  analysis 


6.6.1  Internal  starKtard  area  criteria  In  the  samples  must  be  evaluated  for 
retention  time  shift  and  EICP  areas.  If  the  EICP  area  for  any  InterrKJl 
starKlard  changes  by  a  factor  of  2  (-50%  to  •«-100%)  from  the  continuing 
calibration  startdard,  the  sample  must  be  reanal^ed.  Retention  time 
shift  is  the  same  os  continulr^g  ccriibrotion  criteria  (section  6.5.4). 

6.6.2  Method  Blonk/LCS 

6.6.2. 1  A  laboratory  control  sample  (LCS)  must  be  run  after  the  daily 
storxjcvd  before  ortolyzlng  a  method  blank  and  samples.  Refer  to 
advisory  limits  before  continuing  oTKSIysis. 

1.  Prepare  o  water  LCS  by  adding  an  alternate  source 
storidord  to  5  ml  organic-free  warer.  to  a  flrxsl  concentration 
equivalent  to50ng/)iL. 

2.  Prepare  a  soil  LCS  by  adding  5  g  of  blank  soil  to  5  mL  orgar^- 
free  water,  to  a  flixil  concentration  equivalent  to  50  rtg/gr. 


6.6.2.2  A  method  blank  Is  run  after  the  dally  LCS  to  demonstrate  system 
cleanliness  (no  analytes  greater  than  reporting  limits  with  the 
exception  acetone,  methylene  chloride  and  2-butanone  at  ^  5 
times  the  reporting  limit).  Surrogates  are  to  be  within  the 
established  control  limits. 

6.6.2.3  A  blank  must  be  rerun  if  contamination  is  greater  than  the 
reporting  limits.  If  the  rerun  blank  still  shows  orxilytes  greater  than 
the  reporting  limits,  the  purge-ond-trap  system  must  be  cleaned. 
Analyze  orxjther  method  blank  to  demonstrate  that  the  system  is 
bock  in  control. 

1.  Methylene  Chloride,  Acetone,  and  2-Butar>one  must  be  s  5 
times  the  reportkrg  limit. 

2.  Prepare  a  water  method  blank  by  adding  on  IS/SS  standard 
to  5  mL  organic-free  water  to  a  final  concentration 
equivalent  to50ng/^L. 

3.  Prepare  a  soil  method  blank  by  adding  5  g  of  blank  soil  to  5 
mL  organic-free  water,  to  a  flrKil  concentration  equivalent  to 
50ng/jiL. 
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6.6.3  Sceening 

6.6.3. 1  Screening  of  the  sample  prior  to  purge-and-trap  analysis  will 
provide  guidance  on  whether  sample  dilution  is  rtecessary,  and 
will  prevent  contamination  of  the  purge-and-trap  system.  An 
OVM  (PID)  is  used.  (See  manufacturer's  operation  manual  and 
Table  6  for  dilution  versus  OVM  reading.) 

1 .  For  screening  soils,  sludge,  oils,  artd  solid  materials,  place  5 
g  of  sample  into  a  scintillation  vial  with  5  mL  water  and  vortex 
until  well  mixed.  Place  the  viol  at  the  sample  port  of  the  OVM 
and  measure  the  organic  vapors.  The  OVM  Indicates  which 
dilution  is  needed.  (See  12.6) 

2.  For  screening  waters,  place  6  mL  of  sample  into  a 
scintillation  vial.  Shake  vkal,  place  it  at  the  sample  port  of  the 
OVM,  and  measure  the  organic  vapors.  The  OVM  irtdicates 
which  dilution  is  needed.  Note:  If  the  water  samples  have 
been  preserved,  an  accurate  OVM  reading  rrKiy  not  be 
possible.  (See  12.6) 

6.6.4  Water  samples 

6.6.4. 1  All  samples  and  standard  solutions  must  be  allowed  to  warm  to 
ambient  temperature  before  analysis. 

6.6.4.2  Set  up  the  GC/MS  system  os  outlined  in  Sections  6.3. 

6.6.4.3  BFB  tuning  criteria  and  daily  GC/MS  calibration  criteria  must  be 
met  (Table  1)  before  arxslyzing  samples. 

6.6.4.4  Adjust  the  purge  gas  (helium)  flow  rate  to  30-60  mL/mln.  on  the 
purge-and-trap  device.  Optimize  the  flow  rate  to  provide  the  best 
response  for  chloromethane  and  bromoform. 

6.6.4.5  Manual  Sample  Preparation:  Remove  the  plunger  from  a  5  mL 
syringe  and  attach  a  closed  syringe  valve.  If  lower  detection  limits 
are  required,  use  a  25  mL  syringe.  Open  the  sample  or  standard 
bottle,  which  has  been  allowed  to  come  to  ambient  temperature, 
and  carefully  pour  the  sample  into  the  syringe  barrel  just  short  of 
overflov4ng.  Replace  syringe  plunger  and  compress  the  sample. 
Open  the  syringe  valve  and  vent  any  residual  air  while  adjusting 
the  samp>le  volume  to  6.0  mL.  Transfer  remaining  sample  to  a  20 
mL  VOA  vial  with  a  teflon-sealed  cap,  or  All  a  second  syringe  at 
this  time  to  protect  sampie  integrity. 
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6.6.4.6  The  following  techniques  ore  appropriate  for  diluting  samples. 

1.  Dilutior^s  moy  be  made  in  volumetric  flasks  (10  to  1(X)  mL). 
Select  the  volumetric  flask  that  allows  the  necessary  diiution. 
Intermediate  Dilutions  may  be  necessary  for  extremely 
large  dilutions. 

2.  Calculate  the  volume  of  organic-free  water  to  odd  to  the 
volumetric  flask  and  odd  slightly  less.  Iriject  the  aliquot  of 
sample  with  a  syringe.  Dilute  the  sample  to  the  rrtark  with 
organic  free  water.  Invert  ortd  shake  the  volumetric  3  times 
artd  trorrsfer  to  a  gas  tight  syringe. 

3.  Dilution  can  be  mode  in  a  5mL  gastight  syringe.  Fill  the 
syringe  with  the  appropriate  amount  of  organic  free  water 
and  odd  sample  dlquot.  I.e.  500  ^1  sample  to  4.5mL  water  > 
lilOcMution. 


6.6.4.7  Composting  samples  prior  to  GC/MS  arralysis 


1. 


The  samples  must  be  cooled  at  4»C  during  this  step  to 
minimize  volatilization  losses.  Combine  an  equal  amount  of 
each  sample  to  be  composited  In  a  volumetric  flask.  Invert 
OTKl  shake  3  times  oixJ  transfer  to  a  sample  vial  or  a  6mL  mL 
gos  tight  syringe. 


6.6.4.8  Add  10  4I  of  surrogate/interrx3l  standard  spiking  solution  through 
the  valve  bore  of  the  syringe.  The  surrogate  and  Internal 
standards  may  be  mixed  and  added  os  a  single  spiking  solution. 
The  addition  of  the  surrogate  and  Internal  standard  spiking 
solution  to  6  mL  of  sample  is  equivalent  to  a  concentration  of  50 
^g/L  of  each  standard  In  the  sample. 


6.6.4.9  Deliver  prepared  sample  to  the  purging  chamber  and  seal.  Purge 
sample  for  the  designated  time.  Trap  should  be  at  ambient 
temperature. 


6.6.4. 1 0  Sample  desorption:  After  purging,  desorb  the  sample,  initiate  the 
temperature  program  of  the  gas  chromatograph,  and  start  data 
acquisition.  Introduce  the  trapped  materials  to  the  GC  column  by 
rapidly  heating  the  trcp  to  250°C  while  bock  flushing  the  trap. 

1 .  After  desorbing  the  sample,  condition  the  trap  by  baking  it. 
Consult  manufacturer's  specifications  for  temperature  and 
time.  ARI  uses  260®C/4  mirxjtes. 
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6.6.4. 1 1  If  the  analysis  shows  the  sample  to  have  a  concentration  of 
analytes  that  exceed  the  highest  standard,  the  sample  must  be 
rerun  at  a  dilution.  Analyst  considerations  for  chromatographic 
"system  overload"  are  analytes  that  ore  above  the  linear  range, 
saturation  of  the  moss  spectrometer,  chromotography  overload, 
or  analyte/interference  carryover.  Professional  judgement  and 
experience  must  be  used  by  the  anolyst  as  to  the  modification  of 
the  analytical  sequence.  If  system  contamination  is  present,  an 
organic-free  water  blank  must  be  arv3lyzed.  If  the  blank  analysis  is 
not  free  of  arralytes/interferences,  the  system  should  undergo 
maintainence,  such  os  baking  the  trap  or  purging  with  metharK>l  to 
decontaminate  the  system.  If  a  blank  is  not  run.  as  with 
autosamplers,  the  following  sample  must  be  checked  for 
carryover  and  rerun  If  it  contains  the  same  compounds  which 
were  at  high  levels.  Sample  arnalysis  may  no*  resume  until  the 
system  Is  free  of  interferervies  (less  than  3  the  reportir>g  lirr^it). 

6.6.4.12  Secondary  ion  quantitation  is  allowed  only  if  there  are  sample 
matrix  interferer^ces  with  the  p>rimary  ion. 

6.6.4.13  For  matrix  spike  arnj  LCS  anolysis,  add  10  of  the  matrix  spike 
solution  to  the  5  mL  of  sample  to  be  purged.  Disregarding  any 
dilutions,  this  is  equivalent  to  a  concentration  of  50  ^ig/L  of  each 
matrix  spike  standard  in  the  final  sample  concentration. 

6.6.4.14  All  dilution  efforts  should  try  to  keep  the  response  of  the  major 
constituents  (previously  saturated  peaks)  in  the  upper  half  of  the 
linear  range  of  the  curve.  To  determine  the  dilution  factor, 
compare  a  minor  ion  in  the  saturated  analyte  against  the  daily 
standard. 

6.6.5  Water-miscible  liquids:  It  is  highly  recommerKled  that  all  samples  of  this 

type  be  screened  prior  to  arKilysIs  using  the  OVM. 

6.6.5. 1  Water-miscible  liquids  are  analyzed  os  water  samples  after  first 
diluting  them  at  least  50  fold  with  organic-free  reagent  water. 

6.6.5.2  Initial  and  serial  dilutions  can  be  mode  in  a  100  mL  volumetric  flask 
with  organic-free  reagent  water. 

6.6.5.3  Alternatively,  prepare  dilutions  directly  in  a  5mL  syringe  filled  with 
organic-free  reagent  water  by  adding  at  least  20  ^lL.  but  not  more 
than  100  nl  of  liquid  sample.  The  sample  is  ready  for  addition  of 
internal  and  surrogate  standards. 
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6.6.6  Sediment/soll  and  waste  samples:  It  is  highly  recommended  that  ail 
samples  of  this  type  be  screened  p)rior  to  analysis  using  the  OVM. 

6.6.6. 1  Low-concentration  method.  This  is  designed  for  samples 
c^rtuinir^  lr»dlvldual  purgeable  compounds  of  <  1  mg/kg.  The 
low-concentration  method  is  based  on  purging  a  heated 
sediment/soil  sample  mixed  with  organic-free  reagent  woter 
containing  the  surrogate  and  internal  standards.  Analyze  all 
blanks  and  starKlards  under  the  some  corxjltlore  os  the  samples. 

6.6.6.2  Use  a  6g  sample  if  the  expected  corcentration  is  <  0.1  mg/kg  or 
a  Ig  sample  for  expected  concentrations  between  0.1  and  1 
mg/kg. 

1 .  The  GC/^/!S  system  should  be  set  up  as  in  section  6.3.  This 
should  be  done  prior  to  the  preporation  of  the  sample  to 
avoid  loss  of  volatiles  from  standards  and  samples.  A 
heated  pxjrge  ccHibration  curve  must  be  prepared  artd  used 
for  the  quantitation  of  all  samp)les  analyzed  with  the  low- 
concentration  method.  Follow  the  Initial  and  daily 
calibration  Instructions,  with  the  addition  of  a  40“C  purge 
temperature, 

2.  Remove  the  plunger  from  a  6  mL  Luerlock  type  syringe 
equipped  with  a  syringe  valve  and  fill  until  overflowing  with 
water.  Replace  the  plunger  orxj  comixens  the  water  to  vent 
trcpped  air.  Ac^ust  the  volume  to  5.0  mL.  Add  10  jiL  each  of 
surrogate  spiking  solution  (Section  5.9)  and  internal  star>dard 
solution  (Section  5.10)  to  the  syringe  through  the  valve. 
(ARI's  surrogate  spiking  solution  and  Internal  standard 
solution  are  mixed  together.)  The  addition  of  lOjiL  of  the 
surrogate  spiking  solution  to  5g  of  sediment/soil  is 
equivalent  to  50  |ig/kg  of  each  surrogate  standard  in  the 
final  sample  corx:entration. 

3.  The  sample  consists  of  the  entire  contents  of  the  sample 
container.  Do  not  discard  any  supernatant  liquids.  If  sample 
has  free  liquid,  vortex  unopened  for  1  min  or  mix  the 
contents  with  a  small  metal  spatula.  If  there  is  no  free  liquid 
present  remove  the  top  layer  to  expose  sample  that  has  not 
been  compromised.  Weigh  the  sample  into  a  tared  purge 
device  arxj  record  the  actual  weight  to  the  nearest  0. 1  g. 

4.  Determine  the  percent  dry  weight  of  the  soil/sediment 
sample.  Other  wastes  should  be  reported  on  a  wet-weight 
basis. 
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a.  Weigh  6-1  Og  of  the  sample  Into  a  tared  weighing  dish. 
Determine  the  %dry  weight  of  the  sample  by  drying 
overnight  at  105°C.  Allow  to  cool.  Concentrations  of 
individual  analytes  are  reported  relative  to  the  dry 
weight  of  sample. 

%  dry  weight  =  g  of  dtv  sample  x  100 
g  of  sample 

b.  All  weights  are  recorded  on  the  Total  Solids  sheet. 

5.  Add  the  spiked  organic-free  reagent  water  with  surrogate 
and  internal  standard  to  the  weighed  amount  of  sample. 

6.  Heat  and  purge  the  sample.  Be  sure  the  trap  is  cool  C<35‘’C) 


7.  Proceed  with  the  analysis  os  outlined  in  Section  6.3.  Use  5  mL 
of  the  same  organic-free  reagent  water  as  in  the  blank.  If 
saturated  peaks  occurred  or  would  occur  if  a  Ig  sample 
were  analyzed,  the  high  concentration  method  (Medium 
Level  soli  method)  must  be  followed. 


8. 


For  matrix  spike  analysis  of  low  concentration 
sediment/soils,  add  10  nL  of  the  matrix  spike  solution  to  the  5 
mL  of  organic-free  reagent  water.  The  concentration  for  a  5 
g  sample  would  be  equivalent  to  50  ^g/kg  of  each  matrix 
spike  standard. 


6.6.7  High-concentration  method  (Medium  Level  soils):  The  method  Is  based 
on  extracting  the  sediment/soil  with  methanol.  A  waste  sample  is  either 
extracted  or  diluted,  depending  on  its  solubility  in  methanol. 


6.6.7. 1  The  sample  consists  of  the  entire  contents  of  the  sample 
container.  Do  not  discard  any  supernatant  liquids.  Mix  the 
contents  of  the  sample  container  with  a  narrow  metal  spatula. 
Weigh  2  g  (wet  weight)  of  sample  into  a  tared  20  mL  vial.  Use  a 
top-loading  balance.  Note  and  record  in  the  run  log  the  actual 
weight  to  0.1  gram  and  also  determine  the  percent  dry  weight  of 
the  sample  (Section  6.6.3.2.4.a).  Measure  5  mL  of  solvent  into  the 
vial. 

1 .  For  sediment/soil  or  solid  waste,  add  6  mL  of  purge-and-trap 
grade  methanol  then  add  60  ^lL  of  260  ^g/mL  surrogate 
spiking  solution  to  the  vial.  Cap  and  shake  for  2  minutes. 
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2.  Pipet  a  portion  of  the  extract  to  a  loaked  and  cooled  amber 
teflon  sealed  vial  for  storage  (limiting  headspace).  The 
remainder  may  be  disposed.  Store  the  extracts  at  4‘’C  In  the 
dark,  prior  to  analysis. 


3.  Measure  100  of  the  extract  into  a  20  mL  scintillation  vial 
containing  5ml  organic  free  water  and  after  mixing  measure 
the  headspace  on  the  OVM.  Make  appropriate  dilutions  if 
needed  to  assure  concentration  of  the  analytes  are  in  the 
linear  range  of  the  Initial  calibration. 

4.  Table  6  can  be  used  to  determine  the  volume  of  solvent 
extract  to  add  to  the  6  mL  of  organic-free  reagent  water  for 
analysis.  Otherwise,  estimate  the  concentration  range  of  the 
sample  from  the  low-concentration  analysis  to  determine 
the  appropriate  volume.  If  the  sample  was  submitted  as  a 
high-concentration  sample,  start  with  ICXD  ^L.  All  dilutions 
must  keep  the  response  of  the  major  cofTstituents  in  the 
upper  half  of  the  linear  range  of  the  curve.  Analyst  must 
consider  background  matrix  and  chromatography 
overloading. 


5. 


Remove  the  plunger  from  a  5.0  mL  Luerlock  type  syringe 
equipped  with  a  syringe  valve  and  fill  until  overflowing  with 
water.  Replace  the  plunger  and  compress  the  water  to  vent 
trapped  air.  Adjust  the  volume  to  4.9  mL.  Pull  the  plunger 
back  to  5.0  mL  to  allow  volume  for  the  addition  of  the  sample 
extract  and  of  standards.  Add  to  the  syringe  100  nL  of 
solvent  extract  (or  the  amount  as  determined  In  section 
6.6.3.2.4)  plus  oddltiorKil  MEOH  to  equal  100  ^lL.  Add  10  |iL  of 
25  ng/mL  internal  standard  solution. 


6.  Proceed  with  the  analysis  as  outlined  in  Sections  6.6.1- 
6.6.1.14.  Analyze  all  blanks  on  the  same  instrument  as  that 
used  for  the  samples.  The  standards  and  blanks  should  also 
contain  100  nL  of  the  purge-and-trap  grade  MeOH  to 
simulate  the  sample  conditions. 


7. 


For  a  matrix  spike  in  the  medium  level  samples,  odd  to  2g  of 
sample  and  5  mL  of  purge-and-trap  grade  methanol,  50  jiL 
of  surrogate  spike  solution  (250  jig/mL),  and  50  ^iL  of  matrix 
spike  solution  (260  ng/ml).  Add  a  100  ^L  aliquot  of  this  extract 
to  6  mL  of  organic-free  water  for  purging.  Add  the  10  ^L  of  25 
ng/mL  internal  standard.  Purge  and  start  analysis  of  the 
sample. 
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6.7  Calculatjons 

6.7.1  When  a  compound  has  been  identified,  the  quantitation  target 
compounds  wiil  be  based  on  the  integrated  obundortce  from  the  EICP  of 
the  quantitation  mass.  Quantitation  wiii  take  place  using  the  interrKil 
stoTKlord  technique.  The  interrKil  stoiKiard  used  shall  be  the  one  nearest 
the  retention  time  of  that  of  a  ^ven  analyte. 

6.7.2  Finnigan  program  calculations  can  be  checked  using  the  following 
formula: 

Water  aiKj  Water-Miscibie  Waste: 

concentration  Oig/I^  *  (AxYls) 

(AlsXRFXVO) 

where: 

Ax  «  Area  of  characteristic  ion  for  compound  being  measured. 

Is  a  Amount  of  internal  standard  injected  (ng). 

Als  a  Area  of  characteristic  ion  for  the  internal  standard. 

RF  a  Response  factor  for  compound  beir^  measured 

VO  a  Volume  of  water  purged  (mL).  taking  Into  consideration 
any  dilutions  mode. 

Sediment/Soil,  Sludge,  and  Waste: 

HIgh-concentratlon: 

concentration  (ng/kg) «  fAxYlsWn _ 

(AIS)(RF)(VIXWs) 


Low-concentration: 

concentration  Oig/kg)  a  fAxVlsT 

(AlsXRFXWs) 


where: 

Ax.  Is.  Ais.  RF  a  Same  as  in  water  and  woter-mlscible  waste  above. 

Vt  a  Volume  of  total  extract  (1)  (use  10.C)CX)  ^  or  a  factor  of 
this  when  ciutiore  are  nrxsde). 

VI  a  Volume  of  extract  added  (L)  for  purging. 

W  s  a  Weight  of  sample  extracted  or  purged  (g).  The  wet  weight 
or  dry  weight  may  be  used  depending  upon  the  specific 
applications  of  the  data. 
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6.7.3  Sediment/soil  samples  are  generally  reported  on  a  dry  weight  basis, 
while  sludges  and  wastes  are  reported  on  a  wet  weight  basis.  In  either 
instance,  the  percent  dry  weight  of  the  sample  should  be  reported  along 
with  the  data. 

6.7.4  Where  applicable,  an  estimate  of  concentration  for  non  calibrated 
components  In  the  sample  should  be  made.  The  formula  given  above 
should  be  used  with  the  following  modifications:  The  areas  Ax  and  Ais 
should  be  from  the  total  Ion  chromatograms,  and  the  RF  for  the 
compound  should  be  assumed  to  be  1.  The  concentration  obtained 
should  be  reported,  with  Indication  (1)  that  the  value  Is  an  estimate  and 
(2)  which  inteiTKil  standard  was  used  to  determlr»e  concentration.  Use 
the  nearest  interference-free  Internal  standard. 


7j0  Review 

7.1  Qualitative  arKilysis 

7.1.1  An  analyte  Is  Identified  by  comparison  of  the  samp>le  mass  spectrum  with 
the  moss  spectrum  of  a  standard  of  the  suspected  compound  (standard 
reference  spectrum).  Moss  spectra  for  standard  reference  should  be 
obtained  on  the  user's  GC/MS.  These  standard  referer>ce  spectra  may 
be  obtained  through  analysis  of  the  calibration  stanOards.  Two  criteria 
must  be  satisfied  to  verify  Identification:  (1)  elution  of  sample 
component  at  the  same  GC  relative  retention  time  (RRT)  as  those  of  the 
standard  component;  and  (2)  correspondence  of  the  sample 
component  and  the  standard  component  mass  sp>ectrjm. 

7. 1.1.1  Standard  refererrce  moss  spectra  are  checked  daily  against  the 
fit  in  the  diagrK:>stic  report  having  to  meet  the  700  fit  criteria  for  rxxv 
eluting  compounds  and  5(X)  tit  for  co-eluting  compounds. 

7. 1.1. 2  If  secondary  Ion  quantitation  is  necessary  due  to  interference, 
then  a  short  quantitation  report  is  generated.  This  quantitation 
contains  the  integrated  areas  of  the  affected  compourKls,  based 
on  the  secondary  ion(s)  for  that  compound,  and  of  the  relevant 
internal  standards.  Identical  reports  must  be  generated  for  the 
sample  with  interference  and  for  the  relevant  continuing 
calibration.  The  report  for  the  continuing  calibration  is  used  to 
generate  a  resp>onse  factor  for  the  affected  comp>ound  based 
on  ifs  secondary  ion.  This  resi^onse  factor  is  then  used  in  the 
calculations  for  that  compound  In  the  affected  sample. 
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7.1.2  The  sample  component  RRT  must  compxire  within  +0.06  RRT  units  of  the 
RRT  of  the  standard  component.  For  refererK;e,  the  standard  must  be  run 
within  the  same  12  hours  os  the  sample.  If  coelution  of  Interfering 
components  prohibits  accurate  assignment  of  the  sample  component 
RRT  from  the  total  ion  chromatogram,  the  RRT  should  be  assigned  by 
using  extracted  Ion  current  profiles  for  lorw  unique  to  the  component  of 
interest. 

7.1.3  All  ions  present  in  the  standard  moss  spectra  at  a  relative  intensity 
greater  than  10%  (most  abundant  ion  in  the  spectrum  equals  100%  must 
be  present  in  the  sample  spectrum). 

7.1.4  The  relative  intensities  of  ions  specified  in  7.1.3  must  agree  within  ±20% 
between  the  standard  and  sample  spectra.  (Example:  For  on  ion  with  an 
abundance  of  50%  in  the  starvjard  spectra,  the  corresponding  sample 
aburKjarK:e  must  be  between  30  and  70  percent.) 

7.1.6  Tentatively  Identified  Compounds 

7. 1.5.1  For  samples  containing  components  not  associated  with  the 
calibration  standards,  a  library  search  may  be  made  for  the 
purpose  of  tentative  Identification.  For  example,  the  RCRA  piermit 
or  waste  delisting  requirements  may  require  the  reporting  of 
nontarget  analytes.  Only  after  visual  comparison  of  sample 
spectra  with  the  nearest  library  searches  will  the  moss  spectral 
Interpretation  specialist  assign  a  tentative  identification. 
Guidelines  for  making  tentative  identification  are: 

1 .  Relative  intensifies  of  major  ions  in  the  reference  spectrum 
(ions  >  10%  of  the  most  abundant  ion)  should  be  present  in 
the  sample  spectrum.  If  not,  the  compound  may  be  flagged 
with  "M*  If  the  analyst  feels  the  Identification  is  correct  (this 
favors  false  positives). 

2.  The  relative  intensities  of  the  rrajor  ions  should  agree  within  ± 
20%.  (Example:  For  an  ion  with  an  abundance  of  50%  in  the 
standard  spectrum,  the  corresponding  sample  ion 
abuixlance  must  be  between  30  orKf  70%). 

3.  Molecular  ions  present  in  the  reference  spectRjm  should  be 
present  in  the  sample  spectrum. 

4.  Ions  present  in  the  sample  spectrum  but  not  in  the  reference 
spectrum  should  be  reviewed  for  possible  background 
contamination  or  preserve  of  coeluting  compounds. 
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5.  Ions  present  in  the  reference  spectrun  but  rxDt  in  the  sample 
sp)ectrum  should  be  reviewed  for  possible  subtraction  from 
the  sample  spectrum  because  of  background 
contamination  or  coeluting  peaks.  Data  system  library 
reduction  programs  can  sometimes  create  these 
discrepancies. 

12  Analysis  records 

7.2.1  Each  analyticcri  run  will  be  recorded  In  the  instrument  run  log.  Irx^luding 
all  information  for  each  run.  This  log  book  serves  as  a 
obsen/ation/comment  and  the  chairvof-custody  for  arKiiyzed  samples, 
therefore  any  change  of  operator  must  be  hcluded  in  the  rK>tatk)ns. 

7.2.2  Fill  in  the  date,  your  name.  otkI  turte  file  Oncluding  arxslysis  start  time)  in 
the  run  log.  For  each  standard  and  analytical  run.  fill  in  the  file  rxjme. 
client  sample  number,  sample  amount.  ARI  sample  number,  ortd  any 
necessary  comments. 

7.2.3  On  Instruments  without  autosamplers,  fill  out  the  Internal  standard 
scan/response  time  information  for  each  run  os  it  is  completed,  to  assure 
the  aixsiysis  falls  within  QA  limits  for  internal  standards.  (See  section  6.6.1) 
Insurments  with  autosamplers  should  hove  scan/response  times  filled  out 
os  soon  as  possible  to  identify  any  problems  quickly. 

7.2.4  Any  maintenance  performed  during  the  day  shall  be  recorded  In  the 
appropriate  log.  Also  log  any  standard  or  quality  control  which  was 
p^ormed  to  reconcile  out-of-control  events. 

7.3  Dota  Review 

7.3.1  it  is  the  Oinolyst's  responsibility  to  confirm  all  chromatographic  peaks  in 
the  RIC,  with  automated  assistance  (TCA)  by  the  Incos  data  system.  Use 
retention  time,  spectral  data  oixj  the  operator's  expertise  to  determine 
whether  onalytes  found  by  the  system  are  In  fact  real  hits. 

7.3.2  The  operator  wlH  monudly  check  off  those  hits  that  ore  correct  and  cross 
off  any  false  positives  found  by  the  system,  and  will  include  any 
oppropriote  qualifiers  that  may  be  needed. 

7.3.3  Blank  and  sample  data  (library  comparison)  submitted  shall  include 
enhanced  moss  specfa  at  the  minimum.  For  coelutions  otkI  bod  matrix 
backgrounds,  chromatographic  window  with  unique  compound  ions 
should  be  provided  to  confirm  orKilytes  and  quaiifiers.  Those  samples 
requiring  full  deliverable  packages  shall  include  both  enhanced, 
unenhanced  rrrass  specfa.  and  TICs. 
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&0  QuaMy  Coniiol 

8.1  Refer  to  the  specific  arxiiyticai  method  artd  the  ioborotory  Quc^ity  Assurcaoce  Plan 
for  quality  control  procedures.  Specific  quality  control  requirements  ore  specified 
in  the  Quaiity  Assurar>ce  Project  Ran  (QAI^. 

82  Specific  quaiity  controi  procedures  are  specified  in  section  6.0,  Anaiyticai 
Procedures  Review  in  section  7.0,  arxi  in  section  9.0,  Corrective  Actioras. 

8.3  Method  Detection  Limits  (MDL)  are  performed  on  each  instrument  to  provide 
recovery  and  precision  for  the  method. 

8.4  One  method  blank  is  arxalyzed  every  1 2  hour  shift,  following  the  BFB  tuning  starxjard 
and  the  daily  calibration  storKkard. 

8.5  One  set  of  matrix  spikes  is  analyzed  for  each  20  sampies/matrix/instrument  at  50 
ng/mL. 

8.6  Water  sampaies  are  to  be  stored  at  4°C  plus  or  minus  2°C  and  analyzed  within  7  days 
of  sampling  if  raot  preserved  with  1 :1  HCU  and  if  preserved  ore  to  be  orvalyzed  within 
14  days.  Soil  samples  ore  to  be  stored  at  4°C  plus  or  mirtus  2°C  ore  to  be  arKaiyzed 
within  14  days  of  sampling. 

8.7  One  laboratory  control  sample  (LOS)  will  be  performed  each  1 2  hour  shift. 

9j0  Corrective  Actions 

9.1  If  the  Instrument  is  out  of  control  at  any  point  up  to  running  the  method  blank  (6.6. 1 ), 
the  entire  procedure  must  be  restarted  with  the  moss  tune  (6.5.1)  once  the 
appropriate  corrective  action  has  been  taken.  If  the  Instrument  goes  out  of  control 
during  sample  processing,  all  sample  data  not  affected  by  the  out-of-control 
event  are  considered  valid,  and  any  samples  which  were  affected  must  be  rerun 
in  a  new  QC  period  thot  meets  QC  acceptance  criteria.  Reestablishment  of 
control  must  be  verified  before  sample  araalysis  can  resume,  in  this  way,  proper 
recovery  from  on  our-of-control  corxJItlon  is  assured. 

92  For  aqueous  aixj  soil  matrices,  surrogate  recovery  values  should  fall  within  the 
surrog^e  control  limits  specified  in  the  project  QAPP. 

9.2.1  If  surrogate  recovery  is  not  within  limits,  the  following  procedures  are 
required. 

9.2. 1.1  Check  calculations,  surrogate  solutloras,  and  internal  standards.  If 
errors  are  found,  recalculate  the  data  accordingly. 

9.2. 1.2  Check  instrument  performance.  If  Instrument  performarace  is 
suspect ,  correct  the  problem  and  re-arxalyze  the  sample. 


Volatiles  Analysis 
701 S 


Revision  2 
7/13/94 
Page  23  of  25 


9.2.1 .3  If.  upon  re<inalysls,  the  recovefy  is  ogcrin  not  within  Hmits,  flog  the 
<jata  ‘matrix  effect.' 

9.2. 1.4  At  a  minimum  the  laboratory  should  update  surrogate,  MS/MSD, 
arrd  LCS  control  limits  arrrtuaiiy  on  a  matrix-by-rrKitrlx  basis. 

9.2. 1.5  A  corrective  action  form  Is  used  to  document  the  out-of-control 
event. 

9.3  See  section  6.0,  Analytical  Procedures,  section  7.0,  Review,  and  section  8.0, 
Quality  Control  for  odditiorKil  guldcnce  on  appropriate  actions. 

9.4  The  oTKilyst  rruist  provide  a  narrative  of  the  volatile  orKiiysis  In  the  Analyst  Notes 
and  Corrective  Action  form.  Quality  control  and  other  sample-specific  Information 
must  be  Included. 

IQLO  MisceOaiMOut  Notes  and  Piecoulions 

10.1  ContamirKition  by  carryover  can  occur  whenever  hlgh-corK:entratlon  and  low- 
concentration  samples  are  analyzed  sequentially.  To  reduce  carryover,  the 
sample  syringe  must  be  rirrsed  with  organic-free  water  and  baked  until  dry. 
Whenever  an  unusually  concentrated  sample  is  encountered,  it  should  be 
followed  by  the  orKslysis  of  a  method  blank. 

10.2  Contamination  can  occur  by  diffusion  of  volatiles  through  ihe  septa  into  the 
sample  during  shipment  and  storage.  Analysis  of  a  trip  blank  prepared  from 
organic-free  water  and  carried  through  the  sampling  and  handling  protocol  can 
serve  as  a  check  on  such  contamkxstion. 

10.3  For  transfer  of  data  to  Formsmoster.  or  UMS.  test  files  shall  be  generated  from 
quan  lists  by  transferring  to  .91  files.  (See  Finnigan  Mcnuols  and  UMS  Standard 
Procedure.  Also  refw  to  the  SOP  for  Automated  Data  Transfer.) 

10.3.1  Files  for  trorrsfer  to  FormsMoster  shall  be  rxsmed  in  such  a  way  as  to  be 
traceable  otkI  unique;  i.e.  data  run  on  Rnni  on  12/05/93  may  be  named 
FI  1205da.91 .  A  list  of  .91  f  3s  shall  be  part  of  the  hardcopy  submission  to 
the  data  section. 

IID  Method  References 

11.1  Methods  for  the  Determination  of  Organic  Compounds  In  Finished  Drinking  Water 
and  Raw  Source  Water  Method  524.Z-  U.S.  Environmental  Protection  Agency. 
Office  of  Research  Development.  Environmental  Monitoring  and  Support 
Laboratory:  Cirxjlnnotl,  OH  1986. 

1 1 .2  U.S.EPA  Contract  Laboratory  Program.  Statement  of  Work  for  Organic  ArKilysis, 
July  1985,  Revision. 
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1 1 .3  USEPA  SW-846,  Memod  8260.  Revision  0. 

120  Appendices 

12.1  Table  1:  BFB  Mass-Intensity  Specification  (4-Bromofluorobenzene). 

122  Table  2;  Characteristic  Masses  (M/Z)  for  Purgeable  Organic  Compounds. 

12.3  Table  3;  Volatile  InterrKil  Standards  with  Corresponding  Ancrtytes  assigned  for 
Quanfifaflon. 

12A  Table  4;  Control  Limits  for  Water  and  Soil/SecHment  Samples. 

12.5  Table  5:  Compounds  that  con  be  determined  by  Method  8260. 

12A  Table  6:  Screening  by  Organic  Vapor  Meter  (OVM). 
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TABLE  1 

BFBMASS- 

Mnss 

INTENSITY  SPECIFICATIONS  (4-BROMOFLUOROBENZENE) 

Intensity  Reoulred  frelotlve  abundance') 

SO 

15  to  40%  of  mass  95 

75 

30  to  60%  of  moss  95 

95 

base  peolc  100%  relative  abundance 

96 

5  to  9%  of  moss  95 

173 

less  then  2%  of  moss  174 

174 

greater  than  50%  of  moss  95 

175 

5  to  9%  of  moss  174 

176 

greater  than  95%  but  less  than  1 01  %  of  moss  1 74 

177 

5  to  9%  of  moss  1 76 
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12.2  TABLE  2. 

CHARACTERISTIC  MASSES  (M/Z)  FOR  PURGEABLE  ORGANIC  COMPOUNDS 


Primaty  Secondary 

Characteristic  Characteristic 

ACMlyte _  Ion _ lon(s^ 


Acetone 

Aooiein 

Aoylonttile 

Benzene 

Bromobervzene 

BrorTK)chlofomethar>e 

Bromodichloromethane 

Bromoethane 

Bronrxjform 

Bromomethor^e 

2-Butanor» 

rvAjtybenzer^ 

sec-Butyibenzer^e 

tert-ButybenzBr>e 

CoriDondbiifide 

Cartxn  tetrochtoride 

Chtorobenzene 

Chkxoelhone 

2-Chloroethyi  vinyl  ether 

Chtotofonn 

Chlofomethane 

2-Chlorotoluene 

4Chloiotoiuene 

1 .2- Dibromo-3-chloropropane 
Dibromochloromethane 

1 .2- Dbfomoethane 
Dbromomethone 

1 .2- Oichioroben2<ene 
1 ,3~Dichlorober\2ene 
1,4-Dichlorobenzene 

1 ,4Oichl0(O-2-buter» 

*Dichlorodlfluoromethane 

M-DIchloroethane 

1.2- Dichloioethane 

1.1- Dichlotoelhene 
ds-l  .2-Dlchloroether)e 
trons-l  .2-Dlchloroethene 

1.2- Dlchioropropane 

1 .3- Dlchloroixopane 
Z2-Dichlorop(opane 
1 . 1 -Dichloroproperie 


43 

56 

56 

5558 

53 

5Z51 

78 

5Z77 

156 

77,158 

12B 

49,130 

83 

85 

lOB 

173 

175254 

94 

96 

43 

57,43 

91 

92134 

105 

134 

119 

91, 134 

76 

78 

117 

119 

112 

77,114 

64 

66 

63 

65106 

83 

85 

50 

52 

91 

126 

91 

126 

75 

155  157 

129 

127 

107 

109,188 

93 

95174 

146 

111,  148 

146 

111,  148 

146 

111,  148 

75 

53,89 

85 

87 

63 

6583 

62 

98 

96 

61,63 

96 

61,98 

96 

61,98 

63 

112 

76 

78 

77 

97 

75 

lia77 
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122  TABLE  2. 

CHARACTERISTIC  MASSES  (M/Z)  FOR  PURGEABLE  ORGANIC  COMPOUNDS  (confd) 


Wmory 

Secondary 

Choractedstlc 

Chorocterlstlc 

AncMs 

bn 

lor^Ts^ 

*Ethyt}en2ene 

91 

106 

Hexachiorobulaclene 

225 

2231227 

lodomethane 

142 

2HeManone 

43 

6a  57, 100 

bopropylMnzene 

106 

120 

p-bopiopyHoluene 

119 

134,91 

Methylene  chloticle 

84 

86^49 

4-Mefhyt-24^enlanone 

58 

4a  100 

Nophthciene 

128 

n-f^opybenzene 

91 

120 

Slyrane 

104 

78 

1 . 1 . 1 .2-Tetrachlo(oethane 

131 

13a  119 

1, 1.22-Tetrcichl(xoethane 

83 

131,85 

Tetiochloioelhene 

166 

16a  129 

Toluene 

92 

91 

1 .23-Trlchlorobenzene 

180 

182146 

1 .24-Trichloroben2ene 

180 

97,85 

1J ,  1 -Trichloroethane 

97 

1 , 1 ,2-Trlchloroethane 

97 

Trichloroethene 

96 

130 132 

TricNofofluoromethcne 

1,1,2-trlchloro- 

101 

108 

1 .22tifluoromethane 

101 

151 

1,23-Tiichloropropane 

75 

77 

1,24-Ti1methyt}en2ene 

106 

120 

1.3.&-Ti1methyloen2ene 

105 

120 

Vinyl  chloilcle 

62 

64 

o-Xylene 

106 

91 

nrvXylene 

106 

91 

l>Xylene 

106 

91 

Vinylacetate 

43 

86 

*tran$- 1 , 3-Olchloropropene 

75 

77 

•cis-1 ,3-Dlchloropropene 

75 

77 

*  ®  not  a  standard  analyte 

INTERNAL  STANDAROS/SURROGATES 

4-Btomofluorobenzene 

96 

174 176 

1 ,2-Olchloroelhane<l4 

66 

ToluenedB 

98 

PerrtafluorobervBene 

168 

1,4-Dlfluoiobenzene 

114 

Chloiobenzene<i5 

117 

1.4-0ichlorobenzene<t4 

162 

1 ,2-dlchloroben2ene<t4 

152 
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123  TABLES. 

VOLATILE  INTERNAL  STANDARDS  WITH  CORRESPONDING  ANALYTES  ASSIGNED  FOR 
QUANTITATION 


PgntqfluofObOTwne 

1.4-Difluorobenzene 

Acetone 

Benzene 

Acrolein 

Bromodichloromethane 

AcrylonHrle 

Bromofluorobenzene  (surrogate) 

Bromochkxomethane 

Carbon  tetrachloride 

Bromomethane 

2-Chloroethyl  vinyl  ether 

2-Buianone 

1 , 2-Dibromoethane 

Carbon  dsiJflde 

Dibromomethar>e 

Chloroethone 

1 ,2-Dichloroethar>e 

Chloroform 

l,2-Dichioroethane-d4  (surrogate) 

Chloromelhane 

1 ,2-Dichloropropane 

DjchlorocUfluoromethane 

1 , 1  -DichloroproF)ene 

1,1-Dichloroethane 

cis- 1 , 3-Dichloropropene 

1,1-Dichloroethene 

trans- 1 , 3-Dichloropropene 

cis- 1 , 2-Dichloroethene 

4-Methyl-2-pentanone 

trans-1 ,2-Dichloroethene 

Toluene 

22-Dichioi'opropane 

Toluene-d8  (surrogate) 

lodomethane 

Trichloroethene 

Methylene  chloride 

1,1,1  -Trichlofoethane 
Trichkxofluoromethane 

1,1, 2-Trichloroethane 

Vinyl  acetate 

Vinyl  chloride 

1 ,4-Dlchlorobenzene-d4 

Bromobenzene 

n-Butylbenzene 

d4- 1 , 2-Dlchlorobenzene(surrogate) 
sec-Butylbenzene 

QilonaiMrBBn^ 

tert-Butylbenzene 

Bromofotm 

2-Chtorotoluene 

Chkxodbromomethane 

4-Chlorotoluene 

Chlorobenzene 

1 , 2-Dibromo-3-chloropropane 

1 ,3-Dlchloropropane 

1 , 2-Dichloroberrzene 

Elhybenzene 

1 , 3-DlchK  .robenzene 

2-Hexar>one 

1 ,4-Dichlorobenzene 

Slytene 

Hexachlorobutadiene 

1,1, 1 , 2-Tetrachloroethane 

Isopropyl  benzene 

Tetrachloroether)e 

p-lsopropyltoiuene 

Xylene 

Naphthalene 

n-Propylbenzene 
1,1,2  2-Tetrachloroethane 

1.23- Trlchloroben2ene 

1 .24- Trlchloroben2ene 

1 .2.3- Trlchloropropane 

1 .2.4- Trlmethylbenzene 

1 .3.5- Trimethylt5enzene 
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12.4  TABLE  4. 

CONTROL  UMITS  FOR  WATER  AND  SOIL/SEDIMENT  SAMPLES 


Lobofotofy  Control  Sample  WOtfif  Sj2il 

1,1-Dichloroethene  71-147  71-147 

Trichloroethene  82-138  82-138 

Benzene  79-147  79-147 

Toluene  87-140  87-140 

Chlorobenzene  87-145  87-145 

Chlorobromomethane  60-125  60-125 

1.1.2- Trichlorofluoromethane  60-125  60-125 

Ethylbenzene  60-125  60-125 

Xylene  aotol)  60-125  60-125 

Surrogate; 

Toluene-dS  66-138  87-113 

Bromofluorobenzene  63-131  72-121 

1.2- Dlchloroethane-cl4  62-139  86-136 

Matrix  Solke/Motrlx  Solke  DuplICQte 

1.1- Dlchloroethene  37-117  32-144 

Trichloroethene  60-125  76-117 

Benzene  60-115  72-128 

Toluene  62-125  79-120 

Chlorobenzene  59-126  78-122 

Chlorobromomethane  60-125  60-125 

lJ,2-Trlchlorofluoroethane  60-125  60-125 

Ethylbenzene  60-125  60-125 

Xylene  (Total)  60-125  60-125 

Surrogate  (MS/MSD  and  Sample) 

Toluene-d8  94-109  87-1 12 

Bromofluorobenzene  88-119  47-130 

1.2- Dichloroethane-d4  92-121  88-126 


ARI  CONTROLLED  COPY 

Documenc  if  Wi-El-I 

This  dcx:ument  remains  the  property  of 
Analytical  Resources  Inc. 
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125  TABLE  5 


COMPOUNDS  THAT  CAN  BE  DETERMINED  BY  8260 


AncMe 

Technique 

Purae-and-Trop 

CASN0> 

Acetone 

67-64-1 

PP 

AcentonlMe 

750&9 

PP 

Acoilein 

107028 

PP 

Aaylonitile 

107-13-1 

PP 

Alyt  alcohol 

107-lW 

ht 

aMchlofide 

107-06-1 

a 

Benzene 

71-43-2 

a 

Benzyl  chkxide 

10044-7 

a 

Btomoocelone 

59M1-2 

PP 

Btomobenzene 

10856-1 

a 

Bromochkxomethane 

7497-6 

a 

BrorrKXiichioromethane 

75-27-4 

a 

Bromofotm 

75-25-2 

a 

Bromomethane 

74839 

a 

rvButcnol 

71-368 

ht 

26ulonone 

78988 

PP 

n-Bulybenzene 

10451-8 

a 

sec-Butybenzene 

135988 

a 

tert-Butybenzene 

98065 

a 

CartxncbuMde 

75-150 

PP 

Carlson  tetrachloride 

56-285 

a 

Chloral  hydrate 

302-17-0 

PP 

Chlorobenzene 

10890-7 

a 

2-Chioro-l.&buaclene 

126998 

a 

Chkxodbromomelhane 

12448-1 

a 

Chbroethane 

75008 

a 

20ilotoelhanol 

107-088 

PP 

bis-(2*ChioroethyO  sulfide 

505622 

PP 

2-Chioroethyt  vinyl  ether 

11275-2 

PP 

Chloroform 

67568 

a 

Chlotomelhane 

7487-3 

a 

Chloioptene 

126998 

pc 

SChlotoptoperre 

107-051 

a 

3-Chloropropior>itrle 

542-757 

i 

2Chlorotoluene 

95498 

a 

4Chlotololuerre 

106484 

a 

l,2-Dbromo-3-chloropiopane 

9512-8 

PP 

1 ,2-Dbromoeihane 

106984 

a 

Dbromomethane 

74953 

a 

1 .2-Dichlorobenzer>e 

95521 

a 

1.3-Dichlorobenzene 

541-73-1 

a 

1.4Dichlorober2ene 

106457 

a 

DbhiorodMuoromethane 

7571-8 

a 

1,1-Dichiotoethane 

75848 

a 

1,2-Dichloroethane 

107-052 

a 
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125  TABLES 


COMPOUNDS  THAT  CAN  BE  DETERMINED  BY  8260  (conf <J) 


ApcMb 

Technique 

Pufoq-qnd-Trqp 

C/^Nq> 

1,1-DichioiDethene 

75354 

a 

cis-1.4-Dich1oio-2-butene 

1476-1 1-6 

a 

trans-1 ,4-Dichioro-2-butene 

11057-6 

PP 

Dichloiofluoromethane 

75-71-8 

a 

ds-1 ,2-Dichloroethene 

15659^2 

a 

trans-1 ,2-Dichioroethene 

156605 

a 

1,2Dichlo(opropane 

7587-5 

a 

1 .3-Dichlo(opropane 

142-259 

a 

22-Dichioiop(oparre 

594-207 

a 

1,3-Dichloro-2-proparK)i 

96-23-1 

PP 

1 , 1 -Dichloropropene 

563556 

a 

cis-1 .3-Dichloropropene 

10061-01-5 

a 

troru- 1 . 3-Dichioropropene 

1006 

PP 

lodomethcne 

74854 

a 

tsobytyloicohol 

7583-1 

PP 

isopropybenziene 

95828 

a 

p^sopropyNoluene 

9987-6 

a 

MabnoniMe 

10977-3 

PP 

MelhociyloniMe 

12698-7 

PP 

Methylene  chkxlde 

75092 

a 

Methyl  iodde 

74092 

a 

Methylmethacrylate 

80626 

a 

4-Methyl-2-PerTlc»xxie 

108-10-1 

PP 

Nophlhoiene 

91-203 

a 

NHiobenzene 

95953 

a 

2T^ltropiopane 

79469 

a 

2Plcolne 

109068 

PP 

Proporgylcicohol 

107-197 

PP 

Ropbiodorre 

57-67-8 

PP 

Proptonltrle  (ethyl  cyarrkje) 

107-120 

ht 

rvRoylamlrre 

107-108 

a 

rvPropytoenzene 

10366-1 

a 

SMerie 

100425 

a 

1 . 1 , 1 ,2-Tetrachioroethane 

630206 

a 

1,1 .22-Tetrachloioethane 

79345 

a 

Tetrochbioelhene 

127-154 

a 

Tokjene 

105853 

a 
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125  TABLES 


COMPOUNDS  THAT  CAN  BE  DETERMIftfD  BY  8260  (confcD 


1 .23- Ti1chlorobenzene 

1.24- Trichk3robenzene 

1.1 . 1 - Trichloioethane 

1 . 1 .2- Trichioroe1hane 
Trichlofoeflhene 
Trichiorofluoromethane 

1 .23- Trichloropropane 

1 .24- TrimethylQenzene 
1 .3,5-Trimethyt)en2ene 
Vkiyl  Acetate 
N/hytchtoride 
oXylene 

m-Xylene 

p-Xylene 


Technique 


CASNo.b 

87-^1-^» 

12082-1 

71-656 

7WK>8 

7901-6 

75694 

96-184 

95656 

10867-8 

108054 

750M 

9547-6 

108888 

105428 


a  Adequate  response  by  this  technique, 
b  Chemical  Abstract  Services  Regbtry  Number, 
pp  Poor  purging  efficiency  resulting  In  hl;^  EQLs. 
ht  Method  analyte  only  when  purged  at  80^ 
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126  TABLE  6 

SCREENING  BY  ORGANIC  VAPOR  METER  (OVM) 
Dilution  vs  meter  reading 


PPFteqcino 

Dijution 

0-10 

1/1 

10-16 

1/5 

15-26 

1/10 

26^ 

1/20 

3&45 

1/40 

4&60 

1/50 

50-75 

1/100 

75-100 

1/300 

100-200 

1/500 
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Standard  OporaMng  Proc«duf« 

Organochiofina  PMMckiM  and  PCS*  by  GC/ECO  -  (Molhod  aoei) 
(Urtitad  Stata*  Air  Forc«) 


Scop*  OTKl  AppHcoNon 

1.1  Method  8081  is  used  to  determine  the  concentrotiora  of  various  orgarvxjhiorirw 
pesticides  and  poiychlorlrtated  biphenyls  (PCBs)  os  Aroclors.  In  extracts  from  solid 
and  liquid  matrices.  Open-tubular,  capillary  columns  with  electron  capture 
detectors  (ECD)  are  required.  When  compared  to  packed  columns,  these  fused- 
silica,  open-tubular  columns  offer  Improved  resolution,  better  selectivity, 
increased  seraltMty,  arxj  faster  arvslysis.  Below  is  a  list  of  rtormd  analytes. 


CompouTKl  Nome 

CAS  No. 

Aidtn 

30900-2 

/\rodor-1016 

12674-11-2 

Arodor-1221 

1104-28-2 

1  Arodor-1232 

11141-1<^ 

1  dto)«fqr-l^  ^ 

53469-21-9 

ArDdor-1248 

12672-296 

AfOClor-1254 

11097-69-1 

Afockx-1260 

1109602-5 

cSDhChBHC 

319046 

beloBHC 

31905-7 

deltaBHC 

319008 

garrrna-BHC  (Undone) 

5809^ 

44'-DDD 

72-540 

441-ODE 

72-55-9 

-  A4ifB» - : 

50-29-3 

alpHo-Chlordane 

5103-71-9 

gamma-Chlordane  | 

5103-74-2 

Diekjrin 

6067-1 

ErKiosultdn  1 

Of^OLOfLA 

Tv/T“yO^ 

Endosulfanll 

33210659 

Endosulfon  sulfate 

1031-070 

Endrin 

72-208 

ErKirin  aldehyde 

7421-934 

Endrin  ketor>e 

53494705 

Heptachlor 

76448 

Heptachlor  epoxide 

1024670 

Methoxychlor 

72436 

Toxaphene 

8001-35-2 

Organochlorine  Pesticides  (808 lAF) 
41 7S 


Revision  1 
7/5/94 
Page  1  of  22 


]2  Several  multi-component  mixtures  are  listed  as  target  compounds.  When 
samples  contain  more  than  one  multi-component  analyte,  a  higher  level  of 
analyst  expertise  is  required  to  attain  acceptable  levels  of  qualitative  ortd 
quantitative  analysis.  The  same  Is  true  of  multi-compor»nt  aiKilytes  that  hove 
been  subjected  to  environmental  degradation  or  degradation  by  treatment 
technologies.  These  result  in  ‘weathered*  Aroclors  (or  any  other  multi- 
component  mixtures)  that  may  hove  significant  differences  in  peak  patterns  than 
those  of  standards.  In  these  cases,  individual  congener  analyses  may  be 
preferred  over  total  mixture  arxilyses. 

1.3  CompourKl  identification  based  on  slr^le  column  analysis  must  be  confirmed  on 
a  second  column,  or  must  be  supp>orted  by  at  least  one  other  qualitative 
technique.  This  method  describes  analytical  conditions  for  a  secorKi  gas 
chromatographic  column  that  can  be  used  to  confirm  the  measurements  mode 
with  the  primary  column.  GC/MS  Method  8270  is  also  recommended  as  a 
confirmation  technique  if  sensitivity  permits  (8270,  section  8). 

1.4  This  method  describes  a  dual  column  option.  The  option  allows  a  hardware 
configuration  of  two  analytical  columns  joined  to  a  single  irijection  port.  The  option 
allows  one  Irijection  to  be  used  for  dual  column  analysis. 

1.5  This  method  is  restricted  to  use  by  or  under  the  supervision  of  analysts 
experienced  In  the  use  of  a  gas  chromotogrcph  (GC)  and  in  the  interpretation  of 
gas  chromatograms.  Each  analyst  must  dennonstrate  the  ability  to  generate 
acceptable  results  with  this  method. 

2X)  DeflnHioM 

N/A 

3i0  Equ^Hnent 

3.1  Gas  Chromatograph  (GC);  An  analytical  system  suitable  for  spItt/spHtless  ir^ectloa 
all  required  accessories  including  syringes,  arKilytical  columns,  gases,  electron 
capture  detectors  (ECO),  otkI  data  system  ore  required. 
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32  Columns  (megabore) 

3.2.1  Column  1 :  30  m  x  0.53  mm  ID  fused  silica  capIMory  column,  chemically 
bonded  with  35%  phenyl  methylpoiyslloxane  (OB  608,  SPB  608.  RTx-35,  or 
equivalent).  0.83  ^m  film  thickness. 

3.2.2  Column  2:  30  m  x  0.53  mm  ID  fused  silica  capillary  column,  chemically 
bonded  with  50%  phenyl  methylpolysUoxar^e  (DB  1 701  or  equivcrient),  1 .0 
(im  film  thickness. 

3.2.3  Column  3:  30  m  x  0.53  mm  ID  fused  silica  capillary  column,  chemically 
bOTKled  with  SE-54  (DB  5.  SPB  5,  RTx5,  or  equivalent).  1 .5  )im  film  thickness. 

3.2.4  Megabore  columns  should  be  installed  in  1/4  inch  injectors,  with 
deactivated  liners  designed  specifically  for  u.  e  with  these  columns. 

3.3  Columr\s  (dual  column  cnaiysis) 

3.3.1  Column  pair; 

3.3. 1.1  J  8i  W  Scientific  press-fit  Y-shaped  gloss  3-way  union  splitter  (J  Sc 
W  Scientific.  Catalog  no.  705-0733).  or  equivalent. 

3.3.1 .2  30  m  X  0.53  mm  ID  DB-5  (J  8t  W  Scientific).  1 .5  txm  film  thickness  or 
equivalent. 

3.3.1. 3  30  m  X  0.53  mm  ID  DB-608(J  8c  W  Scientific).  0.83  Jim  film  thickness  or 
equivalent. 

3A  Glassware  (see  Methods  351 0.  3520.  3540.  3541 .  3550,  3630,  3640.  3660,  and  3665  for 
specifications). 

3.5  Kudemo-Danish  (K-D)  apDparotus.  See  extroctlon  methods  for  specifics. 

3.6  REAGENTS 

3.6.1  Reagent  or  pesticide  grade  chemicals  shall  be  used  in  all  tests.  Unless 
othenorise  indicated,  it  Is  interxied  that  all  reagents  shall  conform  to 
specifications  of  the  Committee  on  Analytical  Reagents  of  the  American 
Chemical  Society,  where  such  specifications  are  available.  Other 
grades  may  be  used,  provided  it  is  first  ascertained  that  the  reagent  is  of 
sufficientty  high  purity  to  permit  Its  use  without  lessening  the  accuracy  of 
the  determirxatlon. 

3.6. 1.1  Store  the  standard  solutions  (stock,  composite,  calibration. 
InterrKil.  arxl  surrogate)  at  4*’C  in  Teflorvsealed  containers  in  the 
dork.  When  a  lot  of  standards  is  prepared,  store  aNquots  of  the  lot 
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3.6.2 


3.6.3 

3.6.4 


3.6.5 


In  Individual  small  vials.  All  working  standard  solutions  must  be 
replaced  after  six  months,  or  sooner  If  routlr>e  quality  control  (See 
10.0)  suggests  a  problem. 

Use  solvents  and  reagents  appropriate  for  Method  3510.  3520.  3540.  3541. 
3550.  3630. 3640.  3660.  or  3665:  n-hexar>e.  dielhyl  ether,  methylene  chloride, 
acetone,  ethyl  acetate,  and  Isooctane  (2.2.4-trlmethylpentane).  All 
solvents  should  be  pesticide  quality  or  equivalent,  and  each  lot  of 
solvent  should  be  determined  to  be  phthalate  free.  Extracts  must  be 
exchanged  to  hexane  or  Isooctone  p>rlor  to  arxjlysis. 

Organic-free  reagent  water:  All  references  to  water  In  this  method  refer 
to  organic-free  reagent  water. 

Calibration  and  linearity  standards  should  be  prepared  at  five 
concentrations  by  dilution  of  the  composite  stock  standard  with 
Isooctane.  The  concentrations  should  correspond  to  the  expected 
range  of  concentrations  found  in  real  samples  and  should  bracket  the 
linear  range  of  the  detector.  Stock  staixlards  are  purchased  os  certified 
solutions.  (See  section  6  for  details  on  cun/e  and  calibration  procedures) 

3.6.4. 1  Although  all  single  component  analytes  can  be  resolved  on  a 
new  35%  phenyl  methyl  silicone  (e.g.  DB-608).  two  calibration 
mixtures  should  be  prepared  for  the  single  component  aixilytes 
of  this  method. 

3.6.4.2  This  requirement  is  established  to  1)  minimize  potential  resolution 
arKi  quantitation  problems  on  confirmation  columns  or  on  older 
35%  phenyl  methyl  slllcor^  (e.g.  DB-608)  columns,  and  to  2)  allow 
determination  of  Endrin  arxj  DDT  breakdown  for  method  quality 
control.  (See  10.Q) 

3.6.4.3  Separate  calibration  standards  are  required  for  each  multi- 
component  target  cwialyte.  with  the  exception  of  Aroclors  1016 
OTKl  1260  which  can  be  run  os  a  mixture. 

Surrogate  standards:  The  performance  of  the  method  Is  rtronitored  using 
surrogate  compounds.  From  the  certified  stock  solution  containing 
tetrochloro-m-xylene  orrd  decochloroblphenyl.  make  a  working  solution 
at  2.0  (ig/mL  in  Acetone.  Spike  100  ^L  in  both  aqueous  and  solid  samples 
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and  ^  crii  blanks.  200  (iL  is  required  if  an  extract  is  to  go  through  GPC 
cieonup.  Corrective  action  Is  required  when  both  surrogates  ose  outside 
of  recovery  limits. 

4A  Documentation 

4.1  Pesticide/PCB  worksheet. 

&0  In-houM  ModWtcattons  to  Referenced  Mettwd 

5.1  Section  1.1;  The  compourKi  list  for  this  method  is  the  some  as  for  Method  8080.  No 
orKUytes  are  added. 

52  Section  3.6.5:  The  surrogates  for  dual-column  analysis  (tetrochloro-m-xyiene  otkI 
decochlorobiphenyO  ore  listed  in  the  Method  for  sinc^e-column  orKilysis. 

5.3  Section  8.3:  Only  select  single-component  pesticides  wUi  be  in  the  LCS  spike 
solution.  Per  section  9.3.  aroclors  and  toxophene  will  be  spiked  only  when  those 
compounds  ore  the  only  analytes  of  interest,  unless  otherwise  requested. 

5.4  Section  6.3.4;  RT  wiixlows  will  be  ±  3  x  SO  over  72  hours  or  0.06  mirKites,  whichever  is 
greater. 

5.5  Section  6.6:  An  rmnti-component  compounds  wiH  be  quontti  tth  3  -  5  peaks. 
The  Method  lists  5  for  Toxophene. 

5.6  Section  6.4.3:  Delta  BMC.  Endosulfon  sulfate,  arxj  endrin  ketone  wtti  sometimes  be 
ottowed  QC  limits  for  continuirig  ccMbrotions  of  -f  30%  to  -1 5%  instead  of  ±  1 5%. 

5.7  Section  6.6.4:  Chlordane  wUI  always  be  quantitated  as  aipha-  and  gamma- 
chk^done.  respectively,  unless  otherwise  requested.  Method  8081  allows  some 
discretion. 

5.8  Section  8.1:  Both  surrogates  will  be  quantitated  arxj  reported.  Method  8081 
requires  quantitation  of  only  decochlorobiphenyl  unless  there  is  interfererx^e. 

6d0  Procedures 

6.1  Summary  of  Method:  A  measured  volume  or  weight  of  sample  (approximately  1  L 
for  liquids,  2  -  30  g  for  soHds)  is  extracted  using  the  appropriate  sompie  extraction 
technique,  ^ee  Extroctiora  SCTPs)  Liquid  scsnpies  are  extracted  at  neutroi  pH  with 
methylene  chloride,  using  a  separatory  funnel  (Method  3510).  Solid  sampies  ore 
extracted  with  hexane-acetone  (1:1),  using  the  Ultrasonic  Extraction  procedure 
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(Method  3550).  A  variety  of  cleanup  steps  may  be  applied  to  the  extract, 
depending  on  1)  the  rusture  of  the  coextracted  matrix  Interferences  otkI  2)  the 
target  analytes.  After  cleanup,  the  extract  is  arKiiyzed  by  injecting  a  1  -  2 
sample  into  a  gas  chromatograph  equipped  with  dual  mego-bore,  fused-silica 
capillary  columns  and  two  electron  capture  detectors  (GC/ECD).  The  final 
effective  volume  (FEV)  for  all  extracts  will  be  10  mU  unless  GPC  cleanup  is 
performed  (FEV  »  20  mL). 

6.1.1  Hexane /acetone  (1:1)  Is  a  more  effective  extraction  solvent  for 
organochlorine  pesticides  and  PCBs  in  environmental  and  waste 
matrices  than  is  methylene  chloride.  Use  of  hexane/acetone  generally 
reduces  the  amount  of  co-extrocted  interferences  and  improves 
signal/noise  ratios. 

6.1 .2  Method  Detection  Umit  (MDL)  Studies  are  used  to  verify  the  applicabiiny 
of  the  chosen  extraction  technique  to  each  r>ew  sample  type.  See 
Method  8000  for  guldarK:e  on  the  determination  of  method  reporting 
limits. 

62  Cleanup/Froctlonotlon 

6.2.1  Cleanup  procedures  may  not  be  necessary  for  a  relatively  dean  sompale 
matrix,  but  most  extracts  from  environmental  and  waste  samples  will 
require  additional  preparation  before  artolysis.  The  specific  cleanup 
procedure  used  wW  deperxj  on  the  rKiture  of  the  sample  to  be  analyzed 
and  the  data  quality  objectives  for  the  measurements.  General 
guidar)ce  for  sample  extract  cleanup  is  provided  in  this  section  and  in 
Method  3600. 

6.2. 1.1  If  a  sample  is  of  blotogical  origin,  or  contains  high  molecular 
weight  materials,  the  use  of  the  GPC  cleanup  option  (Method 
3640)  is  recommertded.  Ail  soH  samples  should  go  throu^  GPC 
cleanup,  unless  they  ore  obviously  clecn.  Frequently,  one  of  the 
adsorption  chromatographic  cleanups  may  also  be  required 
following  the  GPC  cleanup. 

6.2.1. 2  If  only  PCBs  are  to  be  measured  in  a  sample,  the  sulfuric  acid 
cleanup  (Method  3665)  Is  recommended. 
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6.2. 1.3  All  samples  except  those  that  hove  been  ocld-cleaned  should 
go  through  FlorisU  cleanup  (Method  3620). 

6.2. 1.4  Elemental  sulfur,  y^lch  may  appear  In  certain  sediments  and 
industrial  wastes,  interferes  with  the  electron  capture  gas 
chromatography  of  certain  pesticides  otkI  oroclors.  Sulfur  should 
be  removed  by  the  technique  described  in  Method  3660.  Sulfur 
cleanup. 

6.3  Analysis  Preparation 

6.3.1  The  duai-column/duai-detector  approach  involves  the  use  of  two  30  m  x 
0.53  mm  ID  fused-silica  operv-tubular  columrts  of  different  poiarities  and, 
thus.  cSfferent  selectivities  towards  the  target  compourvjs.  The  coiumrw 
are  connected  to  a  single  injector  via  a  gloss  *Y'  splitter  and  a 
Fxecoiumn.  Operating  conditions  for  a  DB-5/D6-608  pair  are  listed  in 
Section  12.1,  Table  1. 

6.3.2  Prepare  calibration  and  linearity  standards  using  the  procedures  in 
Section  6.4.  Exterrxjl  storKlard  calibration  is  used  with  Method  8081 
because  of  the  ser^tivity  on  the  electron  capture  detector  and  the 
probability  of  the  internal  standard  being  affected  by  Interferences. 
Because  several  of  the  pesticides  may  co-elute  on  any  single  column, 
analysts  should  use  two  caHbratioo  mixtures  Section  12.2). 

6.3.2. 1  Method  M81  has  many  muW-component  target  analytes.  For  this 
reason,  the  target  analytes  chosen  for  calibration  should  be 
limited  to  those  specified  In  the  project  plan.  Sites  may  require 
analysis  only  for  the  organochlorine  pesticides  or  the  PCBs. 
Toxaphene  and/or  technical  Chlordane  may  also  not  be 
specified  at  certain  sites.  In  addition,  where  PCBs  are  specified  in 
the  project  plaa  a  mixture  of  Aroclors  1016  and  1260  will  suffice  for 
the  initial  callbra^on  of  all  Aroclors,  since  they  include  all 
congeners  present  In  the  various  regulated  Aroclors.  A  midpoint 
calibration  staixlard  of  all  Aroclors  nnust  be  included  with  the  inWai 
coHbrotioa  so  that  the  crKJlyst  is  familiar  with  each  Aroclor  pattern 
OTKl  with  retention  times  on  each  column. 
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6.3.22  For  cdibrotlon  curve  verificatioa  ott  tcxget  orxJytes  required  in  the 
project  plan  must  be  ir^ected  with  the  tollowir)o  exception  for  the 
Aroclors.  For  sites  thot  require  PCB  analysis.  irK:iude  only  the 
Aroclors  that  are  expected  to  be  found  at  the  site.  If  PCBs  eve 
required,  but  it  Is  unkrxDwn  which  Aroclors  nxiy  be  present,  only 
the  midpoint  corrcentrotion  Aroclors  1016/1260  mixture  may  be 
ir^ected.  However.  If  specific  Aroclors  are  fourxj  during  samp>te 
arx3lysis.  it  is  recommerKled  that  the  relevant  aroclor  startdarcKs) 
be  injected  within  24  hours  of  the  arockx-contain^  samples. 

6.3.3  Because  of  the  low  concentration  of  pesticide  starKiards  injected  on  a 
GC/ECD.  column  adsorption  may  be  a  problem  when  the  GC  has  not 
been  used  for  a  day  or  more.  Therefore,  the  GC  column  should  be 
primed  or  deactivated  by  it^ectirtg  a  pesticide  startdard  mixture  at  least 
4  times  more  corrcentroted  than  the  mid-corjcentratlon  itorKiard.  Ir^ect 
this  standard  mixture  prior  to  beginr^  the  initioi  calibration  or  calibration 
verification. 

CAUTION:  Several  arxilytes.  including  Aidria  may  be  observed  in  the 

injection  Just  followY>g  this  system  priming.  Always  run  on 
acceptable  blank  prior  to  running  any  standards  or 
samples. 

6.3.4  Retention  time  wirxjows 

6.3.4. 1  Before  establishing  the  retention  time  windows,  make  sure  the  gas 
chromatographic  system  is  within  optimum  operating  coixlltlons. 
The  width  of  the  retention  time  window  should  be  based  upon 
actual  retention  times  of  standards  measured  over  the  course  of 
72  hours. 

6.3.4.2  Retention  time  windows  shaii  be  defined  as  plus  or  minus  three 
times  the  starKlord  deviation  of  the  absolute  retention  times  for 
each  standard,  or  0.08  mirKites*  whichever  is  greater.  However, 
the  experlerKe  of  the  orKSlyst  should  weigh  heavily  in  the 
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interpretation  of  the  chromatograms.  For  multi-component 
analytes  (e.g.  PCBs),  the  analyst  should  consider  the  retention 
time  wlfKjow.  but  should  rely  primarily  on  pattern  recognition  and 
relative  retention  times. 

6A  Calibration 

6.4.1  Establish  gas  chromatographic  operating  parameters  equivalent  to 
those  indicated  in  Section  12.1.  Table  1.  Calibrate  the  chromatographic 
system  using  the  external  starxjard  technique. 

6.4.2  External  starKlord  calibration  procedure 

6.4.2. 1  For  each  atKilyte  of  interest,  prepare  calibration  startdards  at  a 
minimum  of  five  concentrations  by  adding  volumes  of  one  or 
more  certified  stock  standards  to  a  volumetric  flask  ortd  diluting  to 
volume  with  Isooctar^.  Pesticides  are  cun/ed  os  follows:  Low 
concentration  arKilytes  -  0.006.  0.01.  0.02.  0.04.  0.08  (jig/mL). 
Aroclor  1016/1260  is  ccNbrated  at  0.25. 0.5.  1.0, 2.5.  ortd  5.0  C^g/mL). 
Toxophene  Is  calibrated  at  0.5. 2.5. 5.0. 10  and  25  Org/mL). 

6.4.2.2  Iriject  each  calibration  standard  using  the  technique  that  will  be 

used  to  introduce  the  actual  samples  into  the  gas 

chromatograph  (e.g.  1-2  )iL  injections).  Tabulate  peak  height 

responses  against  the  moss  injected.  The  results  are  used  to 

prepare  a  calibration  cun/e  for  each  analyte.  If  the  p>ercent 

relative  standard  deviation  (%RSD)  of  the  calibration  tactor  is  less 

than  20%  over  the  worWng  range,  linearity  through  the  origin  can 

be  assumed,  and  the  average  calibration  factor  can  be  used  in 

place  of  a  calibration  cun/e.  If  the  calibration  cunre  is  used  for 

quantttatloa  the  upper  limit  for  %  RSO  is  30%. 

Calibration  Factor «  Total  Area  of  Peak* 

Mass  Irijected  On  rxnogroms) 

*  For  multi-response  pesticides/PCBs.  use  the  3-5  major 
peaks.  The  %  RSO  of  the  overage  of  the  3-5  F>eaks  must  be 
20  %  in  order  to  use  the  average  calibration  factor. 
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6.4.2.3  The  working  coiculcttion  curve  must  be  verified  at  the  beginnir^  of 
each  new  run.  The  verification  standards  ore  Pesticide  ^^x  A. 
Pesticide  Mix  B,  and  1016/1260,  each  at  midpoint  cor»centrations. 
If  the  respor^  for  any  orKiiyte  varies  from  the  predicted  respor^se 
by  more  than  ±15  %,  a  new  calibration  cunre  must  be  prepared 
for  that  analyte. 

Percent  Dlffererx:e  »  X  100 

Rl 

where: 

Rl  »  Calibration  Factor  from  first  analysis. 

R2  >  Calibration  Factor  from  succeeding  aixslyses. 


6.4.2.4  Inltioi  Calibration  Sequence 

1.  Instrument  Blank 

2-6.  Toxaphene  Cun/e 

7-11.  1016/1260  Curve 

12-17.  Aroclor  starKiards 

18-27.  Pesticide  cun/es  (A  &  B  mixes) 

28.  Rinse 

29.  Breakdown  starKiard 
6.4.3  Continuing  Cotbrotlon 

6.4.3. 1  At  least  one  callbrafron  standard  and  the  breakdown  starKiard 
must  be  run  after  every  10  extracts. 

6.4.3.2  Rotation  of  the  calibration  mixes  should  be  as  follows; 

First  lOsomi:^ 

Pesticide  B/breakdown  standard  (BS) 

Second  10  samples 
Pesticide  A/BS 
Third  10  samples 
Aroclor/BS 
Repeat 

6.4.3.3  The  calculated  amounts  for  all  continuirtg  calibration  analytes 
must  be  within  ±  16SM>  of  the  true  amount,  with  the  following 
exceptions: 

1 .  Several  years  of  pesticide  orKiiyses  involving  various  difficult 
rrxitrices  hove  documented  that  select  pesticides  ore  more 
susceptible  than  others  to  matrix  effects.  Delta  BHC, 
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endosulfan  sulfate,  and  endrin  ketone  tend  to  have 
elevated  responses  when  run  in  sequences  with  particulcviy 
contamirv3ted  samples.  For  this  reason,  these  cwslytes  wHI 
be  allowed  a  wider  continuing  calibration  range  when  rxxie 
of  the  3  analytes  hove  been  identified  in  the  relevant  run 
bracket. 

2.  Delta  BHC,  erxjosulfan  sulfate,  and  endrin  ketone  will  be 
allowed  4-30%  to  -15%  as  long  os  they  have  not  been 
identified  (ar»d  confirmed)  in  any  extracts  run  within  the 
relevant  sequerv^e  bracket. 

6.4.3.4  For  calculating  %D  for  multl-compor>ent  analytes,  the  average 
calculated  amount  (for  3-5  peaks)  must  be  within  ±15%  of  the  true 
value. 

6.4.3.5  The  breakdown  mix  is  run  after  every  10  extracts.  DDT  <yid  endrin 
must  each  hove  breakdown  ^  15%. 

1 .  Breakdown  is  calculated  os  follows: 

ODT%BrBC«dQwn.  DDEHt-i.DOOHt _ xlOO 

DDTHt+DOEHt+DDOHt 

2.  Endrin  breakdown  is  calculated  similarly,  using  Endrin 
Aldehyde  otkI  Etvjrin  ketone. 

6.4.3.6  Because  second  column  confirmc*lon  is  required  only  when  an 
analyte  has  been  kjenttfled  on  the  primcry  columa  all  continuing 
calibration  QC  llrrrlts  apply  only  to  the  primary  column  until  an 
arxilyte  is  identified  on  the  primary  column,  if  the  analyte  Is  cNso 
Identified  on  the  confirmation  column,  the  confirmation  column 
must  also  meet  QC  limits  for  that  arK3lyte(s). 

6.4.3.7  Either  column  may  be  the  primary  column  for  a  given  run 
sequence.  Within  a  strrgie  run,  the  primary  column  designation 
may  not  be  switched. 

6.5.  Sample  Analysis 

6.5.1  Set  up  the  GC  system  using  the  conditions  described  in  Table  1 .  (See  12.1) 

6.5. 1.1  Establish  calibration  by  injecting  calibration  standards  prior  to 
conducting  any  analyses.  (Section  6.4. 1.2]  A  continuing 
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calibration  standard  also  must  be  irijected  at  intervals  of  not  less 
than  once  every  ten  samples  arvd  at  the  end  of  the  analysis 
sequence. 

6.6. 1.2  Sample  injection  may  continue  for  as  iong  os  the  continuing 
caiibration  standards  meet  instrument  QC  requirements.  The 
sequervDe  ends  when  the  set  of  samples  has  been  injected  or 
when  qualitative  and/or  quantitative  QC  criteria  are  exceeded. 

1 .  Each  sample  analysis  must  be  bracketed  with  acceptable 
continuing  calibration  standards.  All  samples  that  were 
injected  after  the  standard  that  iost  met  the  QC  criteria  must 
be  reinjected. 

6.5. 1.3  The  continuing  caiibration  standards  run  after  each  sequence 
bracket  should  be  one  calibration  mix  and  the  DOT/Endrin 
breakdown  standard.  The  particular  calibration  mix  chosen 
should  be  rotated  between  pesticide  mix  A.  mix  B,  and  the 
aroclor  staixlards.  (See  section  6.4.3.:^ 

6.6.2  Establish  absolute  retention  time  windows  for  eoch  cnalyte.  The  midpoint 
for  each  analyte's  RT  window  is  updated  approximately  every  24  hours, 
based  on  the  continuing  caiibrotions.  (See  Method  8000)  The  retention 
time  window  equols  the  midpoint  ±  three  times  the  standard  deviation  or 
0.08  minutesw  whichever  is  greeter.  The  window  midpoint  may  change 
according  to  the  retention  time  of  the  relevant  standard. 

6.5.2. 1  Tentative  identification  of  an  analyte  occurs  when  a  peak  falls 
within  the  dally  retention  time  wiixlow,  and  when  its  relative 
retention  time  is  corwistent  with  the  bracketing  standards  for  that 
10  sample  sequence. 

6.6.2.2  Validation  of  gas  chromatographic  system  qualitative 
performance:  Use  the  calibration  standards  analyzed  during  the 
sequence  to  evaluate  retention  time  stability.  If  any  of  the 
standards  fall  outside  their  dally  retention  time  windows,  the 
system  is  out  of  control.  Determine  the  cause  of  the  problem  and 
correct  It.  @ee  Section  9  and  Method  8000  for  details) 


Orgarxxjhlorlne  Pesticides  (8081 AF) 
41 7S 


Revision  1 
7/5/94 
Page  12  of  22 


ANALYTICAL 

RESOURCES 

INCORPORATED 


6.6.3  Record  the  volume  injected  to  the  nearest  0.5  ^iL  and  the  resulting  peak 
size  in  height  units.  Using  the  external  calibration  procedure  (Method 
8(XX)),  determine  the  Identity  cr>d  the  qucr>tlty  of  each  component  peak  in 
the  sample  chromatogram. 

6.5.3. 1  If  the  response  of  any  arKilyte  of  Interest  exceeds  the  calibration 
range  of  the  system,  dilute  the  extract  and  reanalyze.  Peak 
height  measurements  are  recommended  over  peak  area 
Integration,  especially  where  overlapping  or  coeluting  peaks  are 
involved. 

6.5.3.2  If  partially  overlapping  or  coeluting  p>eaks  are  found  on  one 
column,  use  the  confirmation  column  to  quantitate  the  respective 
analytes  and  flag  the  value  os  “urKible  to  confirm.' 

6.5.3.3  If  the  peak  response  is  less  than  the  reporting  limit,  no  hit  is 
reported. 

6.6.4  Quantitation  of  the  target  compounds  IS  based  on:  I)  a  reproducible 
response  of  the  ECO  within  the  calibration  range,  and  2)  a  direct 
proportionality  between  the  magnitude  of  response  of  the  detector  to 
peaks  In  the  sample  extract  and  the  calibration  standards.  Proper 
quantitation  requires  the  appropriate  selection  of  a  baseline  from  which 
the  height  of  the  characteristic  peak(s)  can  be  determined. 

6.5.4. 1  If  compound  Identification  or  quantitation  are  precluded  due  to 
interference  (e.g.  brood,  rounded  peaks  or  ill-defined  baselines 
are  present),  additional  cleanup  of  the  extract  or  replacement  of 
the  capillary  column  or  detector  may  be  warranted.  Refer  to 
Method  3600  for  sample  cleanup  procedures.  Analyst 
experience  must  be  relied  upon  in  such  coses. 

6.6  Quantitation  of  Multiple  Compor>ent  Arxsiytes:  Multi-component  analytes  present 
problems  in  measurement.  Suggestions  ore  offered  in  the  followir^g  sections  for 
handling  Toxapher^.  Chlordane.  PCB,  DDT,  and  BHC. 

6.6.1  Toxaphene:  Toxaphene  is  manufactured  by  the  chlorination  of 
campher»es,  whereas  Strobane  results  from  the  chlorination  of  a  mixture 
of  camphenes  and  pinenes.  Quantitative  calculation  of  toxaphene  is 
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difficult,  but  reasonable  accuracy  can  be  obtained  To  calculate 
toxaphene  on  GC/ECD:  (a)  adjust  the  sample  size  so  that  the  major 
toxap)hene  peaks  are  within  the  linear  range  or  the  detector,  and  (b) 
quantitate  using  the  3  to  5  major  peaks  of  the  toxaphene  pattern. 

6.6.2  Chlordane  is  a  technical  mixture  of  at  least  1 1  major  components  and 
30  or  more  minor  components.  Trans-  and  cis-chlordane  (alpha  and 
gamma),  respectively,  are  the  two  major  components  of  technical 
chlordane.  However,  the  exoct  percentage  of  each  in  the  technical 
material  is  not  completely  defined,  and  Is  not  consistent  from  botch  to 
batch. 

6.6.3  The  GC  pattern  of  a  chlordane  residue  may  differ  cor^derably  from  that 
of  the  technical  starKlard.  Depending  on  the  sample  substrate  and  its 
history,  residues  of  chlordane  can  consist  of  almost  any  combination  of 
constituents  from  the  technical  chlordane,  plant  and/or  animal 
metabolites,  and  products  of  degradation  caused  by  exposure  to 
environmental  factors  such  os  water  and  sunlight. 

6.6.4  Unless  otherwise  requested,  Chlordane  should  always  be  quantitated  os 
alpha-Chlordane  arxl  gomma-Chlordane. 

6.6.5  If  requested,  the  analyst  may  quantitate  technical  chlordane  residues 
using  3  to  5  major  peaks  from  a  technical  chlordane  calibration  standard. 

6.7  Polychlorinated  Biphenyls  (PCBs):  Quantitation  of  residues  of  PCB  involves 
problems  similar  to  those  encountered  in  the  quantitation  of  toxaphene  and 
chlordane.  In  each  case,  the  chemical  is  made  up  of  numerous  compounds 
which  generate  multi-peak  chromatograms.  Also,  in  each  case,  the 
chroTTKitogram  of  the  residue  may  not  match  that  of  the  standard. 

6.7.1  Mixtures  of  PCBs  of  various  chlorine  contents  were  sold  for  many  years  in 
the  U.S.  by  the  Monsanto  Co.  urider  the  trade  name  Aroclor  (1200  series 
and  1016).  Although  these  Aroclors  are  no  longer  marketed,  the  PCBs 
remain  in  the  environment  and  are  sometimes  fourfa  os  residues  in  foods, 
especially  fish.  The  Aroclors  most  commonly  found  In  the  environment 
are  124Z  1254,  and  1260. 

6.7.2  PCB  residues  are  generally  quantitated  by  comparison  to  the  most  similar 
Aroclor  standard.  A  choice  must  be  mode  as  to  which  Aroclor  or  mixture 
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of  Aroclors  will  produce  a  chromatogram  most  similar  to  that  of  the 
residue,  arvj  whether  that  standard  is  truly  representative  of  the  PCBs  in 
the  sample. 

6.7.3  PCB  Quantitation;  Quantitate  the  PCB  residues  by  comparing  the 
responses  of  3  to  5  major  peaks  In  the  appropriate  Aroclor  standard(s} 
with  the  corresponding  peaks  In  the  sample  extract.  The  amount  of 
Aroclor  is  calculated  by  averaging  the  calculated  amounts  of  these 
peaks.  Major  peaks  ore  defined  os  those  peaks  in  the  Aroclor  standards 
that  are  at  least  30%  of  the  height  of  the  largest  Aroclor  peak.  Late- 
eluting  Aroclor  peaks  are  gerterally  the  most  stable  in  the  environment. 

6.7.4  When  samples  appear  to  contain  weathered  PCBs,  treated  PCBs,  or 
mixtures  or  Aroclors,  use  of  Aroclor  starxjords  may  not  be  straightforward 
(or  technically  appropriate).  In  such  coses,  the  arvslyst  must  decide 
what  aroclor  or  aroclors  most  ctosely  represent  the  rartge  of  PCBs  present 
OTKl  must  attempt  to  quantitate  total  PCBs  by  quantitating  otkI  overaglrrg 
both  weathered  and  unweathered  congeners.  This  may  require  rrxxe 
than  3  -  6  peaks.  Weathered  patterns  and  difficult  mixtures  should  be 
noted  In  the  Arrolyst  Not^  report. 

6.8  Hexachlorocyclohexar)e  (BMC.  from  the  former  name  benzene  hexachloride): 
Technical  grade  BHC  Is  a  cream-colored  amorphous  solid  with  a  very 
characteristic  musty  odor;  it  cor^ts  of  a  mixture  of  six  chemically  distinct  isomers 
and  one  or  more  heptachlorocyclohexanes  and  octachlorocyclohexanes. 
Commercial  BHC  preparations  may  show  a  wide  variarKe  in  the  percentage  of 
irKlMdual  isomers  present.  Qucntitate  each  isomer  (alF>ha  beta  gamma,  and 
delta)  separately  against  a  storKlord  of  the  respective  pure  Isomer. 

6.9  DDT:  Technical  DDT  consists  primarily  of  a  mixture  of  4.4'-  DDT  (approximately 
75%)  OTKl  Z4'-DDT  (approximately  26%).  As  DDT  weathers,  4,4'-  DDE,  Z4'-  DDE. 
4.4'-  DDD,  and  2,4'-  DDO  cxe  formed.  Since  the  4,4'-  isomers  of  DDT,  DDE.  cvkI  DDD 
predomlrx3te  In  the  environment,  these  are  the  Isomers  rxjrmolly  regulated  by  US 
EPA  and  they  should  be  quantitated  against  standards  of  the  respective  pure 
isomer. 
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6.10  Suggested  chromatography  malnterKince:  Corrective  measures  rtKiy  require 
any  one  or  more  of  the  following  remedial  actions. 

6.10.1  Splitter  connections;  For  dual  columns  which  are  conr^ected  using  a 
press-fit  Y-shaped  glass  splitter  (J&W  Scientific),  clean  arKd  deactivate 
the  splitter,  or  replace  with  a  cleaned  and  deactivated  splitter.  Break  off 
the  first  few  inches  (up  to  one  foot)  of  the  injection  port  side  of  the  pre¬ 
column.  If  necessary,  remove  the  columrts  artd  solvent  backflush  with 
methylene  chloride  and  then  hexane.  If  these  procedures  fail  to 
eliminate  the  degradation  problem,  it  may  be  necessary  to  clean  the 
metal  irijector  body  arKl/or  replace  the  columns. 

6.10.1 .1  GC  injector  ports  can  be  of  critical  concern,  especialiy  in 
the  arKilysis  of  DDT  and  Endrin.  Irijectors  that  are  contarrtrKited. 
chemically  active,  or  too  hot  can  cause  the  degradation 
('breakdown')  of  the  analytes.  Endrin  and  DDT  breakdown  to 
endrin  aldehyde,  endrin  ketone,  and  DDD  and/or  DDE. 
respectively.  When  degradation  of  any  analyte(s)  becomes 
evident,  irijector  port  maintenaxie  Is  warranted. 

6.10.2  Injector  Maintenance:  Turn  off  the  oven  and  remove  the  arxalytlcal 
columns  when  the  oven  has  cooled.  Remove  the  gloss  Injection  port 
Insert.  Lower  the  injection  port  temperature  to  room  temperature. 
Inspect  the  ir^jection  port  otkI  remove  any  noticeable  foreign  moterioi. 

6.10.2.1  Place  a  beaker  beneath  the  Injector  port  inside  the  oven. 
Using  a  wash  bottle,  serially  rinse  the  entire  inside  of  the  injector 
port  with  acetone  and  then  hexane.  Catch  the  rinsate  in  the 
beaker.  In  addition,  remove  the  nut  at  the  base  of  the  injector 
and  clean  the  gold  base  plate  (that  serves  os  the  liner  seat)  with 
aluminum  oxide.  Reassemble  the  injector,  irrcludir^  a  clean  liner 
with  deactivated  glass  wool.  Before  reattaching  the  precolumn, 
bring  the  injector  tenperature  to  275°C  for  at  least  30  rr^nutes,  and 
then  bring  it  bock  to  the  200°  operating  temperature.  CHp  several 
inches  off  the  precolumn,  remount  it.  and  check  all  connections 
for  leaks  with  deionized  water. 
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7.1  Refer  to  Method  8000  for  review  and  quantitation  procedures. 

&0  QuoMy  Coniiol 

8.1  Two  surrogates,  tetrachloro-m-xylene  and  decachiorobiphenyl,  ore  added  to 
each  extract.  Recoveries  of  both  surrogates  should  be  calculated  arKi  should 
meet  limits  specified  In  the  QAPP.  Corrective  action  Is  not  required  unless  both 
surrogates  are  outside  limits. 

8.2  A  method  blank  must  be  extracted  crxj  orKriyzed  with  each  sample  batch  of  up  to 
20  samples.  Surrogate  recoveries  should  meet  Internal  limits,  and  there  should  be 
no  confirmed  analytes  at  coricentrations  above  method  reporting  Hmits. 

8.3  A  blank  spike,  or  laboratory  control  sample  (LCS).  must  also  be  extracted  ortd 
CtfKiiyzed  with  each  batch  of  up  to  20  samples,  it  will  be  spiked  with  the  matrix  spike 
pesticides,  at  minimum,  at  on-cdumn  concentratiortt  equal  to  the  calibration 
standards.  If  requested,  the  LCS  wW  be  spiked  with  additional  analytes  up  to  and 
including  ail  of  the  singie^omponent  pesticides. 

8.3.1  If  only  PCBs  are  being  oTKilyzed.  the  LCS  should  be  spiked  with  an  aroclor  that  Is  not 
expected  to  be  found  in  the  samples.  This  will  normally  be  Aroclor  1260  at  a 
coricentration  of  10  jtg/L 

84  Matrix  spikes  and  matrix  spike  duplicutes  win  be  extrooted  upon  request.  If  no  Jobs 
within  a  sample  botch  request  MS/MSD.  botch  MS/MSD  y/ill  be  onolyzed  every  20 
samples  (not  restricted  to  the  same  batch).  Matrix  spike  compourtds  are  lindane, 
heptochior.  oldria  dekjria  endria  DOT  delta  BHC,  DDE  and  DDD. 

8.5  All  spiked  analytes  In  LCS  and  MS/MSD  extracts  should  meet  limits  specified  In  the 
QAPP.  If  spike  recovery  limits  are  rK>t  iriet.  corrective  action  (possibly  including 
reextraction)  may  be  required.  (See  section  9.Q) 

9j0  Correcfive  Actions 

See  Method  80(X)  for  general  corrective  action  procedures.  Specific 
adcHtions/exceptiorts  to  8000  are  as  foiiows; 
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9.1  If  a  continuing  calibration  standard  does  ix>t  meet  the  ±15%  D  QC  limits,  one  or 
more  of  the  following  corrective  actions  may  be  required. 

9.1.1  Closely  examine  the  offending  peak  on  the  data  system.  It  is  possible 
that  the  baseline  was  Incorrectly  drawn  due  to  coelution/interference.  If 
so,  correct  the  baseline  otkI  determine  If  the  new  peak  height  wHi 

bring  the  calculated  amount  within  IlmHs. 

9.1.2  If  baseline  correction  is  not  possible,  but  it  appears  that  matrN  effects 
have  caused  a  change  in  Instrument  response.  It  may  be  p  a  to 
clean  the  system  and  restore  proper  detector  response. 

9.1 .2.1  Rrst  try  baking  the  oven  (275®C).  Injector  (275“C),  and  detectors 
(4CX]“C)  for  at  least  one  hour.  After  returning  the  temperatures  to 
normal,  run  several  hexane  rinses.  If  the  chromatography 
appears  rK)rmal,  rerun  the  offending  standard  to  see  If  It  now 
meets  QC  limits. 

9. 1.2.2  If  the  above  procedures  do  rK>t  solve  the  problem,  proceed  to 
Injector/column  mainterKsnce  outlined  in  Section  6.10  and  In 
Method  8000.  When  done,  rerun  the  offending  standard  to 
determine  If  QC  Hmits  have  been  met. 

92  If  dll  of  the  above  measures  prove  ineffective,  the  general  requirement  Is  that  all 
samples  analyzed  after  the  continulr^g  calibration  standard  that  lost  met  the  QC 
limits  must  be  reanalyzed  with  a  riew  Initial  linearity/calibration  sequerx:e.  This 
requirement  Is  sulpject  to  the  following  exception: 

9.2.1  In  particuiar  circumstances,  the  project  manager  for  the  affected 
samples  may  decide  that  meeting  QC  limits  may  be  of  relatively  little 
significance  when  considered  against  other  project  issues,  such  as  turn¬ 
around-time.  Such  a  decision  is  particularly  likely  when  continuing 
calibration  responses  are  too  high  but  there  are  rx>  analytes  identified  in 
the  samples.  QC  criteria  specified  in  the  QAPP  wW  be  considered  by  the 
project  manager. 

9.3  The  samples  need  not  be  rerun  If  the  project  manager  so  Instructs  the  orxjlyst.  The 
cnalyst  should  hove  the  project  marxsger  initial  oli  such  decisions.  It  Is  preferable 
that  the  client  be  consulted,  but  that  decision  is  mode  by  the  project  morKiger. 
(See  Project  MarKsgement  SOP) 
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9 A  All  QC  llrr^  Issues  Oncluding  continuing  coiibrcition  limits  and  crii  recovery  limits) 
may  be  decided  by  the  project  manager,  QA  officer,  and  6C  Supervisor, 
preferably  after  consultation  with  the  client. 

KXO  Mtocelloneout  Notes  cmd  Precoullont 

10.1  Refer  to  Methods  3500  (Section  3,  In  particular).  360a  and  8000. 

102  Sources  of  Interference  in  this  method  can  be  grouped  Into  three  broad 
categories:  contaminated  solvents,  reagents  or  sample  processing  hardware: 
contaminated  GC  carrier  gas,  parts,  column  surfaces  or  detector  surfeices:  and 
the  preserK:e  of  coeluting  compourKis  In  the  sample  matrix  to  which  the  ECD  wilt 
respoTKj.  Interferertces  coextracted  from  the  sampfew  will  vary  cortsiderably  from 
waste  to  waste.  While  ger>eral  cleanup  techniques  are  referenced  or  provided  os 
part  of  this  method,  unique  samples  may  require  additional  cleanup  approaches 
to  achieve  desired  degrees  of  discrimlrxstton  and  quantitation. 

10.3  Interferences  by  phtholate  esters  introduces  during  sample  preparation  can  pose 
a  major  problem  in  pesticide  determirKitions.  These  rtKiterials  can  pose  a  mqjor 
problem  to  arxilysls  usirrg  Gel  P^meation  Cleanup,  pesticide  option  (Method 
364(J).  or  as  Fraction  III  of  the  silica  gel  dearxip  procecKjre  (Method  3630).  Common 
flexible  plastics  contain  varying  amounts  of  phthalote  esters  which  are  easily 
extracted  or  leached  from  such  materials  during  laboratory  operations.  Cross- 
contamirKition  of  clean  glassware  routinely  occurs  when  plastics  are  hartcHed 
during  extraction  steps,  especially  when  solvent-wetted  surfaces  ore  handled. 
Interferences  from  phtholate  esters  can  best  be  minimized  by  avoicHng  contact 
with  any  plastic  materials  otkI  by  checking  all  solvents  and  reagents  for  phtholate 
contamination. 

10.4  Glassware  must  be  scrupulously  cleaned.  Cleon  all  glassware  as  soon  os  possible 
offer  lee  by  rirtsing  with  the  lost  solvent  used.  This  should  be  followed  by  detergent 
washing  with  hot  water,  and  rinses  with  tap  water  and  organic-free  reagent  water. 
Drain  the  glassware  otkI  dry  It  In  an  oven  at  130“C  for  several  hours,  or  rinse  with 
methariol  otkI  drain.  Store  dry  glassware  in  a  clean  erwironment. 
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10.5  The  presence  of  elemental  sulfur  will  result  in  broad  p>eaks  that  interfere  with  the 
detection  of  eorty-eluting  orgar^ochlorine  pesticides.  Sulfur  contcvninotlon  should 
be  expected  with  sediment  samples;  therefore,  all  soils  should  go  through  GPC 
cleanup  wheriever  possible. 

10.6  In  addition  to  sulfur,  waxes,  lipids,  and  other  high  molecular  weight  co* 
extroctobles  con  be  removed  by  Gel-Permeatton  Cleanup  (Method  3640). 

10.7  It  may  be  difficult  to  quantitate  Aroclor  patterrw  otkI  single  component  pesticides 
together.  Some  pesticides  can  be  removed  by  sulfuric  acid/perrrKinganate 
cleanup  (Method  3665)  and  silica  froctiorKitlon  (Method  3630).  Guidance  on  the 
identification  of  PCBs  Is  given  In  Section  7. 

10.8  Other  halogenated  pesticides  or  Industrial  chemicals  may  Interfere  with  the 
analysis  of  pesticides.  Certain  co-elutirtg  organophosphorus  pesticides  are 
eliminated  by  the  Gel  Permeation  Chromatography  cleanup,  pesticide  option 
(Method  3640).  Co-eluting  chlorophenois  are  eliminated  by  Silica  gel  (Method 
3630).  Fiorisil  (Method  3620),  or  Alum^  (Method  3610  clearujp. 

10.9  If  contamlrKmts  Oncluding  target  and  norvtorget  corrHDOunds)  contirtue  to  cause 
significant  Interference,  even  after  all  relevant  cleanups  have  been  performed, 
the  sample  should  be  reextracted  at  a  level  appropriate  to  the  amount  of 
contamination.  The  particular  reextroctlon  level  should  be  based  on  the  Initial 
analysis  or  pre-anodysis  GC/ECD  screen.  The  experience  arfo  discretion  of  the 
orxslyst  aixJ  section  supervisor  win  be  relied  upon  for  reextroctlon  decisions.  The 
project  moTKiger  wM  be  notified  If  reextroctlon  at  a  different  level  Is  required. 

IIjO  Method  Referencet 

11.1  U.S.  EPA,  Test  Methods  for  Evaluating  Solid  Waste  (SW-846),  Method  8081, 
Organochlorine  Pesticides,  Halowaxes  and  PCBs  as  Aroclors  by  Gas 
Chromatography;  CapUlary  Column  Technique,  Revision  0.  November,  1992. 

120  AppeiKttcet 

12.1  Table  1  Operatlr>g  Conditions 

122  Table  2  Pesticide  Mix  A  and  B  Ancdytes 
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Appendix 

12.1  TABLE  1: 


QpefQt<rxiConcit1orefQfDB-S/DB-60BlXiQlC^^ 


Instrument: 
Ir^ector  Type: 
Detectors: 


HP  5890  GC  with  Autosompier 

split/splltless 

electron  capture  (2) 


Iryector  Temp:  2Q0C 

Detector  Temps:  310^  (D6^ 

275«C(DW08) 


Carrier  Flow  (He): 
Makeup  Flow  (P-5): 

Oven  Program: 


5  mL/mln. 

45  mL/min. 

16D*Cltor  1  min. 
4Vmln.to275‘C 
Hold  275“  for  18-20  min. 


I 


12.2  TABLE  2: 


Analytes 


Pesticide  Mix  A  and  8 

Mix  A 

olpho-BHC 

Heptochlor 

gammo-BHC 

Erxjosulfanl 

Dieldrin 

Endrin 

p.p'-DDD 

p.p'-DDT 

Methoxychlor 

TCMX  (Surr.) 

DCB(3urr.) 


Mix  B 

beto-BHC 

delta-BHC 

Aldrin 

Heptochlor  epoxide 
alpha-Chlordane 
gommo-Chlordane 
p.p'-DDE 

Endosulfan  sulfate 
Erxjrln  aldehyde 
Endrin  ketone 
Erxlosulfan  II 
TCMX  (Surr.) 
DCB(Surr.) 
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12.3  TABLES: 


ConttoLUmlts 


Laboratory  Control  Sample 

Water 

Soit 

Undone 

39^144 

37-142 

Heptachlor 

35-109 

43-124 

Aidrin 

39-109 

40-120 

Diekjrin 

53-145 

44-133 

ErxJrIn 

45-136 

38-139 

DDT 

55-142 

47-135 

Delta-BHC 

35-120 

35-120 

DDE 

55-142 

49^135 

ODD 

56-142 

49-135 

Arodor  1260 

65-142 

49-135 

Surrogate: 

TCX 

30-102 

37-114 

DC8P 

30-135 

40-127 

Matrix  Soike/Motrix  Solke  Dud./RPD 

Undone 
Heptachlor 
Aidrin 
Oieldrin 
Endrin 
DDT 

Deito-BHC 
DDE 
ODD 

Arodor  1260 
Surrogate: 

TCX  41-121  46-131 

DC8P  46-139  54-138 


40-140/27 

37-142/37 

35-110/47 

43-124/29 

35-110/65 

40-120/41 

53-145/23 

44-133/34 

45-136/31 

38-139/58 

55-142/34 

49^135/33 

35-120/49 

35-120/43 

55-142/34 

49^135/33 

55-142/34 

49^135/33 

55-142/34 

49^135/33 
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Standard  Procodura 

Got  Chiornalogic^  (GC)  Anaiyds  >  Molhod  8000AF 

IJO  Scop*  oiKl  AppHcoNon 

1.1  Gas  chromatography  is  a  quantitative  analyticai  technique  useful  for  organic 
compounds  capable  of  being  volatilized  without  being  decomposed  or  chemicaliy 
rearranged.  Gas  chromatography  (GO),  also  krv^wn  os  vapor  phase  chromatography 
(VPC).  has  two  subcategories:  gas-soUd  chromatography  (GSC).  and  gos-Hquid 
chromatography  (GLC)  or  gas-BquId  partition  chromatography  (GLPC).  This  lost  gro^o  is 
the  most  commonly  used,  and  is  distktguished  by  type  of  column  adsorbent  or  packing. 

1.2  The  chromatographic  methods  are  recommended  for  use  only  by.  or  under  the  close 
supervision  of.  experienced  residue  orKslysts. 

1.3  This  document  summarizes  the  laboratory  procedure  for  GC  analysis.  Most  text  has  been 
taken  directly  from  SW-846  Method  8Q00A.  Revision  1,  July.  1992.  Laboratory  deviotiorts 
from  the  referenced  method  hove  been  incorporated  into  the  document  text  and  also 
identified  in  section  5.0. 

1.4  NOTE:  Method  8081  incorporates  many  procedures  and  limits  that  supersede  the  relevont 
sections  of  this  method.  See  Method  8081  for  details. 

2j0  Definitions 

N/A 

3J0  Equipment 

3.1  Gas  chromatograph:  Analytical  system  complete  with  gas  chromatograph  suitable  for 
split/splitless  injections  and  all  required  accessories,  including  detectors,  column 
supplies,  recorder,  gases,  and  syringes.  A  data  system  for  measuring  peak  height 
and/or  peak  areas  is  required. 

3.2  Gas  chromatographic  columns:  See  the  specific  determinative  method.  Other  F>acked 
or  capillary  (open-tubular)  columns  may  be  used  if  the  requiremer>ts  of  Section  8.4  are 
met. 

3.3  Reagents:  See  the  specific  determbxstive  method  for  the  reagents  needed. 

4J0  OoeumentoHon 
N/A 
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SjO  inhouM  ModWecMons  fo  R«f«f«ne«d  M«lhod 

The  laborotofy  employs  the  following  modifications  to  SW-846  Method  80CXJA.  Revision  1 , 
November.  1990: 

5.1  Section  6.2.4.2.2  (method  section  7. 4.2.2)  ■  Mult^esportse  pestlcides/PCBs  are  quantitated 
using  3  to  5  major  peaks  (per  Method  8081).  not  the  total  area  of  al  peaks  os  irx^oted  in 
Method  8000. 

5.2  Section  6.2.5  (method  section  7.5)  -  The  procedure  as  indicated  in  the  method  has  been 
deleted  and  rewritten  os  it  appears  in  section  6.2.5. 

&3  Section  6.2.6.8  (method  section  7.6.9)  -  See  the  determinative  method  of  interest  for 
retention  time  v/indow  information. 

5.4  Section  8.4.1  (method  section  8.4.1)  -  A  spike  blank  (LCS)  wiH  be  analyzed  os  the  quality 
control  check  sample.  The  compourKis  aryslyzed  will  be.  at  minimum,  those  compour>ds 
inciuded  in  the  matrix  spike  solution,  and  may  not  inciude  ali  analytes  of  interest  os 
indicated  in  the  method,  unless  speciflcaliy  requested  by  the  Client. 

5.5  Section  8.4.2  (method  section  8.4.3)  *  The  spike  blank  will  be  analyzed  os  specified,  rtot 
four  rer^ote  aliquots  of  QC  check  sample  as  indicated  in  the  method. 

5.6  Section  8.4.3  (method  section  8.4.4)  -  The  recovery  is  calculoted  for  each  compound  in 
the  spike  blank,  not  four  replicate  QC  check  samples  os  indicated  in  the  method. 

5i7  Section  8.5. 1 . 1  (method  section  8.5. 1 .2)  -  The  sample  spike  concentration  will  be  at  or  near 
the  some  concerrtrotion  as  the  caibrotion  standard. 

5.8  Section  8.5.3  (method  section  8.5.3)  -  IRre  QC  acceptance  criteria  specified  in  the 
anoiyticai  methods  wi  be  fottowed  only  until  interixsi  QC  limits  for  matrix  spikes  hove  been 
established. 

5.9  Section  8.6. 1  (method  section  8.7.1)-  Control  Hmits  used  for  surrogate  recovery  evoluatlon 
wil  be  os  specified  in  the  anoiyticai  methods. 

5. 10  Section  6.3.2  (method  section  9.2)  -  MDLs  are  determined  as  indicated  iri'this  section  the 
procedure. 

6j0  Proeeduret 

61  Summary  of  Method 

Each  organic  analytical  method  that  follows  provides  a  recommerKied  technique  for 
extraction,  cleanup,  and.  occasionaity.  derivatization  of  the  samples  to  be  analyzed. 
Before  the  prepared  sample  is  introduced  into  the  GC.  a  procedure  for  starKiardbation 
must  be  followed  to  determine  the  recovery  and  the  limits  of  detection  for  the  analytes 
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Of  Interest.  Following  sample  introduction  into  the  GC.  analysis  proceeds  with  a 
comparison  of  sample  chromatograms  with  standard  chromatograms.  Quantitative 
ancdysis  is  achieved  through  integration  of  peak  area  or  peak  height. 

62  Analytical  Procedure 

6.2.1  Extraction  •  Adhere  to  those  procedures  specified  in  the  referring  determinative 
method. 

622  Cleanup  arvj  separation  -  Adhere  to  those  procedures  specified  in  the  referring 
determirtative  method. 

62.3  The  recommended  gas  chromatographic  columns  and  operating  conditions 

for  the  instrument  ore  specified  In  the  referring  determinative  method. 

6.2.4  Calibration 

6.2.4. 1  Establish  gas  chromatographic  operothg  parameters  which  conform  to 
the  QC  requirements  indicated  in  the  method  of  interest.  Prepare 
calibration  standards  using  the  procedures  indicated  in  the 
determinative  method  of  interest.  Calibrate  the  chromatographic 
system  using  either  the  external  standard  technique  (Section  6.2.4.2)  or 
the  k)terrx3l  starxlard  technique  (Section  6.2.4.3). 

62.4.2  Exterrxil  standard  calibration  procedure  ortd  linearity  check 

1.  For  each  analyte  of  interest,  prepare  linearity  standards  at  a 
minimum  of  five  concentrations  by  diluting  one  or  more  certified 
stock  standards.  One  of  the  standards  should  be  at  a  concentration 
near,  but  above,  the  method  reporting  limit.  The  other 
concentrations  should  correspoixi  to  the  expected  range  of 
coTK^entratioru  found  in  real  samples,  or  should  define  the  working 
range  of  the  detector. 

2.  Inject  each  calibration  standard  using  the  technique  that  will  be 
used  to  Introduce  the  actual  samples  into  the  gas  chromatograph 
(e.g.  1  •  5  (tL  injections,  purge-and-trap.  etc.}.  Tabulate  peak 
height  or  area  responses  against  the  moss  irijected.  The  results  can 
be  used  to  prepare  a  lineority  curve  for  each  arKilyte.  Alterrxjtively, 
for  samples  that  ore  introduced  into  the  gas  chromatograph  using  a 
syringe,  the  ratio  the  resporue  to  the  amount  iryected,  defined  as 
the  response  factor  (RF).  can  be  calculated  for  each  analyte  at 
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each  standard  concentration.  If  the  percent  relative  standard 
deviation  (%RSD)  of  the  response  factor  is  less  than  20%  over  the 
working  range,  the  average  calibration  factor  may  be  used  In 
place  of  the  calibration  curve.  The  curve  must  be  used  if  the  %RS0 
is  greater  than  20%. 

Calibration  factor  =  Total  Area/Helaht  of  Peak 

Moss  injected  (in  rxinograms) 

*  For  multi-response  pesticides/PCBs,  use  3  to  5  major  peaks  for 
quantitation. 

3.  The  working  calibration  cun/e  must  be  verified  at  the  beginning  of 
each  new  run  by  the  injection  of  one  or  more  calibration  standards. 
If  the  response  varies  from  the  predicted  response  by  more  than 
±15%.  a  new  curve  must  be  run.  Continuing  calibration  mixes  must 
be  run  at  a  minimum  frequency  of  every  ten  (10)  samples. 
Continuing  calibrations  must  have  a  percent  difference  of  ±15% 
from  the  predicted  value,  or  the  instrument  is  considered  out  of 
compliance.  The  run  may  continue  as  long  as  continuing 
calibration  mixes  meet  the  ±15%  difference  limit,  if  this  limit  is 
exceeded.  arxJ  tne  Instrument  cannot  be  brought  bock  within  limits 
through  corrective  action,  a  new  linearity  curve  and  calibration 
standard  must  be  run. 

F  ercent  Difference  =  R1  -  R2  x  100 

R1 


where; 

Rl  =  Calibration  Factor  from  midpoint  curve  standard. 

R2  =  Calibration  Factor  from  coHbrotion  stoTKiard. 

6.2.4.3  Internal  standard  calibration  procedure  (for  Methods  8010  or»d  8M1) 

1.  To  use  this  approach,  the  analyst  must  select  one  or  more  interrral 
standards  that  are  similar  In  analytical  behavior  to  the  compoufxjs 
of  interest.  The  analyst  must  further  demonstrate  that  the 
measurement  of  the  Internal  standard  is  not  affected  by  method  or 
matrix  interferences.  Due  to  these  limitations,  no  internal  staryjard 
applicable  to  on  samples  can  be  suggested. 
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2.  Prepare  calibration  standards  at  a  minimum  of  five  concentrations 
for  each  analyte  of  interest  by  adding  voiumes  of  one  or  more 
stock  standards  to  a  voiumetric  flask.  To  each  cunre  standard, 
add  a  known  constant  amount  of  one  or  more  internal  standards 
and  dilute  to  volume  with  an  appropriate  soivent.  One  of  the 
standards  should  be  at  a  concentration  near,  but  above,  the 
method  detection  iimit.  The  other  concentrotions  shouid 
correspond  to  the  expected  range  of  corx:entrations  found  in  real 
samples  ar  should  define  the  working  range  of  the  detector. 

3.  Inject  each  linearity  standard  using  the  sample  introduction 
technique  that  will  be  applied  to  the  actual  samples  (e.g.  2  to  5  ^L 
injection,  purge-and-trap.  etc.).  Tabulate  the  peak  height  or  area 
responses  against  the  concentration  of  each  compound  and 
internal  standard.  Calculate  calibration  factors  (CF)  for  each 
compound  as  follows  (this  calculation  is  performed  by  the  data 
system): 

CF  *  (AsCis)/(AisCs) 

As  =  Response  for  the  arvalyte  to  be  measured. 

Ais=  Response  for  the  intei  nal  standard. 

Cis=  Concentration  of  the  internal  standard.  jig/L. 

Cs  =  Concentration  of  the  analyte  to  be  measured.  fig/L. 

If  the  CF  value  over  the  working  range  is  ^  20%  RSD.  the  average 
calibration  factor  may  be  used  instead  of  the  cun/e.  If  the  %RSD  is 
greater  than  20%.  quantitation  must  be  off  the  curve. 

4.  The  working  calibration  curve  must  be  verified  ot'the  stcvt  of  each 
new  run  by  the  injection  of  one  or  more  calibration  starxjords.  If  the 
response  varies  from  the  predicted  response  by  more  than  ±15%.  a 
new  curve  must  be  run.  Continuing  calibration  mixes  must  be  run  at 
a  minimum  frequency  of  every  ten  (10)  samples.  Continuing 
calibrations  must  have  a  percent  difference  of  ±  15%  from  the 
predicted  value,  or  the  instrument  is  considered  out  of  compliatx:e. 
The  run  may  continue  as  long  as  continuing  calibration  mixes  meet 
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the  ±  15%  difference  limit,  if  this  limit  is  exceeded,  and  the 
instrument  cannot  be  brought  bock  within  limits  through  corrective 
action,  a  new  linearity  curve  and  calibration  standard  must  be  run. 

Retention  time  windows 

6.2.5. 1  Retenton  time  windows  are  generally  ±  0.10  minutes  for  most  methods 
and  arKJlytes.  Method  8081  has  RT  wiryjows  of  rra  more  than  ±0.08 
minutes. 

Gas  chromotograpNc  analysis 

6.2.6. 1  Introduction  of  orgonic  compounds  into  the  gas  chromatograph  varies 
depending  on  the  volatility  of  the  compound.  Volatile  organics  ore 
introduced  by  purge-and-trap  (Method  5030).  Semivotatfle  or(^nics  are 
introduced  by  spiltiess  injection. 

6.2.6.2  The  appropriate  detector(s)  is  named  In  the  specific  method. 

6.2.6.3  Samples  are  analyzed  In  a  set  referred  to  as  an  analysis  sequence.  The 
sequence  begins  with  instrument  caiibration  followed  by  sample 
extracts  interspersed  with  multi-concentration  calibration  startdords. 
The  sequence  ends  when  the  set  of  samples  has  been  injected  or  when 
qualitative  and/or  quantitative  QC  criteria  are  exceeded. 

6.2.6.4  Ir^ection:  Inject  1  -  5  nL  of  the  sample  extract  using  the  splitless  injection 
mode.  Record  the  volume  injected. 

6.2.6.5  If  the  responses  exceed  the  linear  range  of  the  system,  diiute  the  extract 
and  reanalyze.  Extracts  must  be  diluted  so  that  all  potential  hits  are  on 
scale.  Overlapping  peaks  are  not  always  evident  v^ien  (seaks  are  off 
scale.  Computer  reproduction  of  chromatograms,  manipulated  to 
ensure  all  peaks  are  on  scale  over  a  100-fold  range,  are  acceptor  If 
linearity  is  demonstrated.  Peak  height  measurements  are 
recommended  over  peak  area  integration,  especially  when 
overlapping  peaks  ccKJse  errors  in  area  integration. 

6.2.6.6  If  peak  detectian  is  prevented  by  the  presence  of  interferences, 
further  cleanup  is  required,  where  appropriate. 

6.2.6.7  Examples  of  chromatograms  for  the  compounds  of  interest  are  ovoilobie 
in  the  caibrotion  file. 
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6.2.6.8  Calibrcjte  the  system  immediately  prior  to  conducting  any  analyses  (see 
Section  6.2.4).  A  mictaoncentration  standard  must  also  be  injected  at 
intervals  specified  in  the  method  and  at  the  end  of  the  analysis 
sequence.  The  calibration  factor  for  each  analyte  must  rK>t  exceed  a 
15%  difference  when  compared  to  the  initial  calibration  of  the  arxilysis 
sequence.  When  this  criteria  is  exceeded,  inspect  the  GC  system  to 
determirte  the  cause,  and  perform  whatever  maintenance  is  necessary 
(see  Section  9.1)  before  recalibrating  and  proceeding  with  sample 
analysis.  All  samples  that  were  injected  after  the  lost  standard  meeting 
the  criteria  must  be  reinjected. 

6.2.6.9  Establish  daily  retention  time  windows  for  each  arxslyte.  Use  the  absolute 
retention  time  for  each  analyte  from  Section  6.2  6.0  as  the  midpoint  of  the 
window  for  that  day.  When  using  autosamplers  and  extending  runs 
beyond  24  hours,  the  standard  injected  closest  to  24  hours  from  the 
injection  of  the  initial  calibration  will  be  used  to  update  the  daily  RT 
window  midpoint.  The  maximum  shift  for  daily  RT  updates  from  the  initial 
calibration  RT  Is  ±  3  times  the  analyte  RT  window.  The  daily  retention  time 
window  equals  the  midpoint  ±0.10  minutes  except  where  specifically 
noted. 

1.  Tentative  identification  of  an  analyte  occurs  when  a  peak  from  a 
sample  extract  falls  within  the  dally  retention  time  window  arxj  the 
relative  retention  time  is  consistent  with  bracketing  continuing 
calibration  mixes.  Normally,  confirmation  is  required  on  a  second 
GC  column,  by  GC/MS  if  concentration  permits,  or  by  other 
recognized  confirmation  techniques.  Confirmation  may  not  be 
necessary  if  the  composition  of  the  sample  matrix  is  well 
established  by  prior  onalyses. 

2.  Validation  of  GC  system  qualitative  performance:  Use  the  mid¬ 
concentration  standards  interspersed  throughout  the  anolysis 
sequence  (Section  6.2.6.8)  to  evaluate  this  criterion.  If  any  of  the 
standards  fall  outside  their  daily  retention  time  wiixlow.  the  system  is 
out  of  control.  Determine  the  cause  of  the  problem  and  correct  It 
(see  Section  9.1). 
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6.3  Method  Performance 

6.3.1  The  ARI  reporting  l^lt  (RL)  wR  be  equal  to  the  analyte  Practical  Quantitation  Limit 

(POL).  PQL  is  defined  as  10  times  the  standard  deviation  between  seven  repicate  LCS 
samples  containing  the  analytes  of  interest  at  1-5  times  the  estknoted  Method  Detection 
Limit  (MDL). 

64  Second  Column  Confirmation 

64.1  Most  GC/ECD  methods  require  second  column  confirmation.  Only  when  an 
analyte  is  identified  on  both  columrv,  and  the  solution  concentrations  on  each 
column  are  relatively  consistent.  Is  that  analyte  reported  os  a  positive 
identification.  If  the  orKslyte  is  confirmed  on  both  columns,  the  lower  of  the  two 
column  values  will  be  reported.  If  an  analyte  is  positively  identified  on  both 
columns,  but  the  percent  difference  between  the  two  values  indicates  the 
probabBity  of  matrix  interferer>ce  on  one  column,  the  analyte  wIB  be  reported  as 
on  elevated  detection  limit  based  on  the  lower  of  the  two  values. 


7J0 

7.1 


Review 

Calculations 

7.1.1  External  standard  calibration  -  The  concentration  of  a  positively  identified 
analyte  is  calculated  os  follows: 

Aqueous  samples 

Concentration  (^g^.)  =  S  x  FV/V  x  1000  x  DF 


S  =  Solution  concentration  (jig/mL).  calculated  by  data  system 
FV  =  Sample  extract  effective  final  volume 
V  «  Volume  of  sample  extracted  (mL) 

DF»  DBu^lon  factor 

Note:  Calculation  assumes  the  amount  purged  or  injected  is  the  some 
for  afl  standards,  samples,  bionics,  and  QC  samples. 


Nonaaueous  samples 

Concentr<3tlon  (^g/Kg)  =  S  x  FV/DW  x  1000  x  DF 


where: 

DW  s  Dry  weight  of  sample  extracted  (g) 
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S,  FV,  and  DF  have  the  some  definition  as  for  aqueous  samples. 

7. 1 2  Intermi  storKtord  calibration  -  For  each  analyte  of  interest,  the  concentratton  ot 
that  orKJlyte  in  the  sample  is  calculated  the  same  way  os  with  the  exterrxil 
calibration  technique.  The  internal  standard  correction  factor  for  each  run  is 
already  factored  into  the  solution  cortcentratiorKs)  calculated  by  the  data 
system. 

«j0  QuaMyComroi 

8.1  Refer  to  the  specific  ornslyticai  method  and  the  laboratory  Quality  Assurance  Plan  for 

quality  control  procedures. 

8.2  The  experierKDe  of  the  arKilyst  In  performing  gas  chromatography  is  invaluable  to  the 

success  of  the  methods. 

8.21  All  continuing  calibration  starKiards  should  be  evaluated  to  determine  if  the 
chromatographic  system  is  operating  properly.  Questiorts  that  should  be  asked 
are:  Do  the  peaks  look  normal?  is  the  response  obtained  comparable  to  the 
response  from  previous  calibrations?  Careful  examination  of  the  standard 
chromatogram  can  indicate  whether  the  column  is  still  good,  the  Injector  is 
leaking,  the  injector  septum  needs  repkx;ing.  etc.  if  any  major  changes  ore 
mode  to  the  system  (e.g.  column  changed),  recalibration  of  the  system  must 
take  place. 

8.2.2  The  perforrTKXice  of  the  entire  orKilyticai  system  should  be  checked  doily,  using 
data  gathered  from  analyses  of  blanks,  standards,  and  QC  samples.  Any 
abrxxmalities  must  be  corrected. 

8.2.3  The  precision  between  replicate  arxsiyses  should  be  evaluated.  A  properly 
operating  system  should  perform  with  an  average  percent  difference  betvreen 
replicates  of  less  than  10%.  Poor  precision  is  generally  traceable  to  pneumatic 
leaks,  especialy  at  the  Irijectlon  port. 

8.3  Required  Instrument  QuoRty  Control 

8.3.1  Section  6.2.5  requires  the  estoblshment  of  retention  time  windows. 

8.32  Section  6.2.6.8  sets  a  limit  of  ±  15%  dirfererKe  when  comporir^g  the  response  of  a 
given  analyte  in  the  initial  colbration  versus  any  continuirH)  colbration  standards 
analyzed  during  on  arxilysis  sequence. 
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8.3.3  Section  6.2.6.8.2  requires  that  al  succeeGiir>g  standards  in  on  arxslysis  sequertce 
must  fati  within  thedoly  retention  time  window. 

8.4  To  establish  the  abiHty  to  gerterote  data  of  occeptobie  quality,  the  analyst  must  perform 
the  following  operations: 

8A1  A  loborotory  control  sample  (LCS)  or  spike  blank  is  required  contair>ing.  at  a 
minimum,  the  matrix  spike  compounds.  The  LCS  concentrate  is  prepared  from 
certified  solutions. 

8.4. 1.1  The  concentration  of  the  LCS  corx:entrate  is  highly  deperKient  upon  the 
analytes  being  investigated.  Therefore,  refer  to  Method  3500.  Section  8.0 
for  the  required  corfoentrotion  of  the  LCS  concentrate. 

84.2  Analyze  the  LCS  by  the  some  procedures  used  to  OTVsIyze  actual  samples  (see 
appropriate  section  of  each  of  the  methods).  For  volatile  organics,  the 
preparation/analysis  process  is  purge-and*trap/gas  chromatography.  For 
semivolatile  organics,  the  QC  check  samples  must  undergo  solvent  extraction 
(see  Method  3500)  prior  to  chromatographic  analysis. 

84.3  Calculate  the  recovery  for  each  orKSlyte  of  interest. 

844  For  each  analyte,  compare  the  recovery  with  the  corresponding  limits 
established  by  statistical  evaluation  of  historical  data  within  the  laboratory.  If  any 
individual  recovery  exceeds  the  QC  limits,  system  performance  is  considered  to 
be  out  of  compliance  for  that  orxjlyte. 

84.5  When  one  or  more  of  the  arxjlytes  tested  toll  at  least  one  of  the  acceptance 
criteria,  the  analyst  must  proceed  according  to  Section  8.4.5. 1  or  8.4.5.2. 

8.4.5. 1  Locate  and  correct  me  source  of  the  problem  and  repeat  the  test  for  ol 
analytes  of  interest,  beginnirrg  wtth  Section  8.4.2. 

8.5  The  laboratory  must  have  procecfores  for  documenting  the  effect  of  the  matrix  on 
method  performance,  including  the  analysis  of  at  least  one  Laboroto^  Control  Sample 
arfo  one  matrix  spike/matrix  spike  duplicate  per  batch,  sample  volume  permitting. 

8.5.1  The  concentration  of  the  spike  in  me  sample  should  be  at  or  near  the 
concentration  of  the  coHbrotion  standard. 

8£2  Analyze  orre  unspiked  orfo  orre  spiked  sample  aliquot  to  determine  percerrt 
recovery  of  each  of  the  spired  compounds. 

8.5.2. 1  Volatile  organics:  ArKilyze  one  5  mL  sample  aliquot  to  determine  the 
background  concentration  of  each  analyte.  Spike  a  second  5  mL 
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sample  aliquot  (LCS)  with  the  nnotrix  spike  solution  and  analyze  It  to 
determine  the  concentration  after  spiking  of  each  analyte.  Calculate 
each  percent  recovery  (%R)  os: 

%R  «  l(XD  (xs  •  X4)/  K. 

where:  xs »  measured  value  for  spiked  sampie. 

s  measured  value  for  unspiked  sample,  aryj 
K  s  known  value  of  the  spire  in  the  sample. 

8.5.2.2  Semivolatile  organics:  Analyze  one  sample  aliquot  (extract  of  1  L 
sample)  to  determine  the  background  concentration  of  each  atxjlyte. 
Spike  a  secoTKl  1  L  sampie  aliquot  (LCS)  with  the  matrix  spike  solution  otkI 
analyze  it  to  determine  the  concentration  after  spiking  of  each  arKilyte. 
Calculate  each  percent  recovery  according  to  the  caicuiation  in 
Section  8.5.2. 1. 

8.5.3  Compare  the  percent  recovery  (%R)  for  each  artalyte  in  a  water  sample  with  the 
corresponding  limits  estabiished  by  the  laboratory.  If  any  analyte  recovery  is  not 
within  QC  limits,  foilow  the  procedures  in  Section  8.4.5. 

8.6  Procedures  for  determirKition  of  acceptable  recoveries. 

8.6.1  For  aqueous  and  soii  matrices,  laboratory  surrogate  control  limits  will  be 
generated  and  wIN  define  occeptc^le  recovery. 

8.6.2  If  recovery  is  not  within  limits,  the  following  steps  ore  required. 

8.6.2. 1  Check  to  be  sure  that  there  are  no  errors  in  the  calculations,  surrogate 
solutiorts  or  internal  standards.  If  errors  are  found,  recalculate  the  data 
accordingly. 

8.6.2.2  Check  lr>strument  performance.  If  an  instrument  p>erformorx;e  problem 
is  identified,  correct  the  problem  and  re-onolyze  the  extract. 

8.6.23  If  no  problem  is  fournt.  re-extract  and  re-anolyze  the  sample. 

8.6.24  If.  upon  re-arK3tysis,  the  recovery  is  again  not  wItNn  limits,  flog  the  data  as 
'estimated  coricerttration.' 

8.7  It  is  recommended  that  the  laboratory  adopt  additional  quality  assurance  practices  for 
use  with  this  method.  The  specific  practices  that  are  most  productive  depend  iqpon  the 
r)eeds  of  the  laboratory,  the  nature  of  the  samples,  orKl  project-specific  requirements. 
Field  duplicates  may  be  analyzed  to  assess  the  precision  of  the  environmental 
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9.1 


9.2 


measurements.  When  doubt  exists  over  the  identification  of  a  peak  on  the 
chromatogram .  confirmatory  techniques  such  os  gas  chromatography  with  a  dissimMar 
column,  specific  eiement  detector,  or  moss  spectrometer  must  be  used.  Whenever 
possible,  the  laboratory  should  analyze  stortdard  reference  materials  arKl  participate  ki 
relevant  performance  evaluation  studies. 

ConecNve  Actions 

Suggested  chromatography  system  maintenance  •  Corrective  me<Kures  may  require 
one  or  more  of  the  following  remedial  actions.  See  section  8  (Quality  Control)  for 
corrective  actions  concerr^ng  QC  limits. 

9.1.1  Capillary  columns  -  Replace  the  deactivated  gloss  wool  and/or  septum,  or 
replace  the  liner  with  a  ciear>ed  and  deactivated  liner.  Break  off  the  first  few 
inches,  up  to  one  foot,  of  the  injection  port  er»d  of  the  column.  If  necessary, 
remove  the  column  and  sdvent  backflush  according  to  the  manufacturer's 
instructions.  If  these  procedures  fan  to  elimirvste  the  degradation  problem,  it 
may  be  necessary  to  deactivate  the  metal  injector  body  and/or  replace  the 
column. 

9.15  Metal  Injector  body  -  Turn  off  the  oven  and  remove  the  analytical  column. 
Remove  the  gloss  Injection  port  liner.  Lower  the  injection  port  temperoture. 
Inspect  the  iryection  port  .and  remove  any  noticeable  foreign  material. 

9. 1 .2. 1  Place  a  beaker  beneath  the  irijector  port  inside  the  GO  oven.  Using  a 
wash  bottle,  serlcrity  rinse  the  entire  inside  of  the  injector  port  with  acetone 
ortd  then  hexane:  catching  the  rir^ote  in  the  beaker.  Also  remove  the 
1/4'  nut  on  the  bottom  of  the  Ir^ectlon  port.  Clean  the  gold  HP  ir^jector 
plate  (that  senres  as  the  seat  for  the  glass  liner)  with  aluminum  oxide  in 
water.  After  cleaning,  dip  the  plate  in  Sylon  CT  solution  and  rinse  with 
methylene  chloride,  then  acetone,  then  hexane.  "Reassemble  the 
injector  arKl  bake  it  at  275**  for  at  least  one  hour  before  replacing  the 
column.  Be  sure  to  lower  the  temperature  before  replacing  the  column. 
Preventive  MaintenatKe:  Prior  to  the  arKSlysis  of  an  initial  calibration  sequence,  the 
following  procedures  should  be  folowed. 

9.2.1  If  needed,  change  the  gloss  wool  and.  possibly,  the  iryector  liner  Itself. 

9.2.2  If  needed,  change  the  septum.  All  ECD  instruments  use  'Merlin*  mechanical 
septa  to  minimize  retention  tkne  drift.  Meriins  should  be  changed  after  2000 
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injections  (approximateiy).  or  sooner  if  drift  is  noticed  and  o  Merlin  leak  is 
verified.  Normal  GC  septa  shodd  be  replaced  at  least  once  per  150  injectior». 
Changing  the  septum  during  an  analytical  sequence  shodd  be  avoided,  if 
possible.  If  a  septum  is  changed  during  a  run.  immedioteiy  run  a  star>dard  to 
verify  retention  times  ond  resportse  factors. 

9.2.3  Check  al  column  connections  and  ir^ector/detector  fittirnTS. 

9.2.4  Refill  solvent  rinse  viols. 

9.2.5  Bake  the  GC  oven  at  275"  •  310"C  (dependir^  on  the  columrXs)  ir^alled)  for  at 
least  half  on  hour. 

9.2.6  Other  maintenance:  Gas  cylinder  traps  should  be  replaced  yearly.  ECD 
detectors  are  wipe  tested  every  six  months  for  radiation  leaks. 

9.3  See  section  6.0.  Anaiyticoi  Procedures,  and  section  8.0,  Quality  Control,  for  additiorKSI 
gddorrce  on  appropriate  corrective  octioru. 

KU)  Miseelaneous  Notes  and  PiecauMont 

101  Interferences:  ContamirKrtion  by  carryover  can  occur  whenever  high-concentrotlon 
and  low-concentration  samples  ore  sequentially  analyzed.  To  reduce  carryover,  the 
sample  syringe  or  purging  device  must  be  rinsed  out  between  samples  with  solvent. 
Whenever  on  unusually  concentrated  sample  is  encountered,  it  should  be  followed  by 
an  analysis  of  a  solvent  blank  to  check  for  cross  contamination.  For  volatile  samp>les 
containing  large  amounts  of  water-soiubie  materials,  suspended  solids,  high  boiling 
compounds  or  high  organohalde  concentrations.  It  may  be  rtecessory  to  wash  out  the 
syringe  or  purging  device  with  a  detergent  solution,  rinse  it  with  distilled  water,  and  then  dry 
it  in  a  105"C  oven  between  analyses. 

IIjO  Method  References 

11.1  U.S.  EPA.  Test  Methods  for  Evaluating  Solid  Waste*  (SW-846).  Method  IKXXIA,  Revision  1, 
November.  1990. 

1 1.2  U.S.  EPA  Contract  Laboratory  Progrom.  Statement  of  Work  for  Organic  Arxalysis,  July 
1985,  Revision. 
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12.1  Appendix  A 

GC  Instrument  Operations/Sample  Arxiiysis 

121.1  Workflow  Tracking  and  Mafxjgement 

12.1.1.1  After  job  folders  are  delivered  to  the  GC  laboratory,  the  job 
number,  client.  VTSR.  due  dote,  number  of  samples  arKi  sample  type 
are  traruferred  onto  sample  togs.  The  sample  togs  are  color-coded  by 
parameter.  These  sample  togs  are  placed  on  the  tracking  board  in  the 
laboratory  for  Job  monitorirtg  during  arKilysis  and  data  reduction.  The 
tracking  board  is  monitored  for  sample  prioritization  and  balance  of 
ir>strument  and  analyst  capacities.  The  trackir>g  board  Is  primarily 
monitored  and  coordinated  by  the  analysts,  but  the  GC  Supervisor  may 
interver^e  to  resolve  prioritization  or  workload  conflicts 

12.1.1.2  Completed  extracts  delivered  to  the  GC  loboratory  are  logged 
into  the  GC  sample  refrigerator  by  the  technician  deliverir^g  the  samples. 
The  job  number.  p)arometer,  number  of  extracts,  and  date  are  recorded 
on  t.  le  GC  Refrigerator  Extract  Log.  The  log  will  senre  os  a  record  to 
indicate  which  extracts  have  been  delivered  and  which  ore  still 
outstanding. 

12.1.1.3  After  extracts  have  been  received  by  the  GC  laboratory,  the 
color-coded  sample  tags  are  moved  to  the  ‘instrument’  section  of  the 
tracking  board.  The  scheduled  analysis  dote  and  instrument  will  be 
recorded  on  the  tracking  board  beside  the  sample  tog. 

12.1.1.4  After  the  samples  have  been  analyzed,  the  sample  togs  for  all 
jobs  affected  are  moved  to  the  ‘analyst’  section  of  the  tracking  board. 
On  the  tracking  board  beside  the  sample  tog.  the  arxilyst  responsible  for 
data  reduction  v4ll  be  Indicated. 

12. 1 . 1 .5  After  data  reduction  has  been  completed,  data  vriH  be  forwarded 
to  the  reviewers  for  a  second-level  review  of  quantitative  otkI  qualitative 
accuracy.  When  the  job  leaves  the  GC  laboratory  for  review,  the  sample 
tog  wiN  be  removed  from  the  tracking  board  by  the  analyst  completir^g 
the  job.  Submission  of  dota  to  the  reviewer  will  be  documented  on  the 
GC  Dote  Tracking  Log.  The  job  number,  parameter,  analyst,  and  dote 
submitted  for  review  will  be  recorded. 
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12.1.1.6  After  GC  review  has  been  ccxnpleted,  the  reviewer  wil  initial  and 
dote  the  job.  The  data  wi  then  be  forwarded  to  the  Project  Manager  for 
reporting.  Submission  of  data  for  reporting  wfll  be  documented  on  the  GC 
Data  Tracking  Log  by  the  reviewer. 

12.1.2  Logbook  and  Worksheet  Completion 

12.1.2.1  Prior  to  starting  a  new  analytical  sequence,  the  analyst  should 
draw  a  single  line  through  any  empty  spaces  on  the  previous  logbook 
page.  The  Ikted-out  area  should  be  initialed  artd  doted  by  the  ornslyst. 

12.1.2.2  Information  pertinent  to  the  analytical  sequence  to  be  analyzed 
should  be  Included  on  the  new  logbook  page,  including; 

Dote 

Analyst 

Data  path  (e.g..  C:/MAX/PEST/081893) 

Initial  calibration 
Somple  kjentmcations 
Continuing  standards 

12.1.2.3  Sample  vial  placement  should  be  verified  by  the  onolyst  and 
compared  to  the  logbook  entries.  To  avoid  sample  mislabeling,  save 
the  autosampler  troys  with  vials  still  in  analytical  sequence  for  a  short 
period  prior  to  archiving.  Should  the  instrument  data  system  mislabel 
data  during  the  analytical  sequence  (e.g..  skipped  vial,  etc.),  the  trays 
can  be  referenced  for  correct  sample  identification. 

12.1.2.4  Corrections  to  logbook  entries  should  be  made  by  drawing  a 
single  line  through  the  entry  and  indicating  the  correct  information.  The 
entry  should  be  initialed  aixl  doted  by  the  analyst  making  the  correction. 
Correction  fluid  cannot  be  used  on  any  laboratory  documents. 

12.1.2.5  Any  notes  or  comments  related  to  the  analytical  run.  such  os 
samples  inserted  into  the  analytical  sequence,  shifts  in  viol  placement, 
problems  encountered  during  analysis  (e.g..  computer,  instrument 
failures,  standard  failure,  etc.),  and  any  corrective  actions  taken  durirtg 
the  analytical  sequence  should  be  noted  in  the  ‘comnrrents’  section  of 
the  logbook  page. 
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12.1.2.6  Logbook  entries  should  be  periodicaHy  reviewed  artd  sigr^  by 
the  GC  Supervisor  or  the  GC  data  reviewer. 

12.1.3  Instrument  OperatioTtf 

12.1.3.1  Instrument  operotir^  procedures  can  be  found  in  the  irutrument 
manufacturer's  manuals.  The  manuals  ore  filed  in  the  GC  laboratory  for 
eosy  reference.  AfKilysts  should  refer  to  these  manuds  for  guidance  in 
instrument  operations. 

12.1.3.2  Irwtrument  operating  conditions  are  detailed  in  SOPs  for  each 
specific  analysis. 

12.1.4  Data  Acquisition/System  Operation 

12.1.4.1  Data  is  acquired  using  the  Waters  Maxima  820  system.  Manuals 
detailing  Maxima  operations  are  on  file  in  the  GC  laboratory.  Analysts 
should  refer  to  these  manuals  for  guidance  in  data  system  operations. 

12.1.4.2  Develop  a  me^od  for  the  analysis  to  be  performed.  If  possible, 
modify  an  existing  method  rather  than  create  a  r>ew  method. 

12.1.4.3  Save  the  new  method  to  a  selected  file  name. 

121.4.4  Verify  that  sufficient  computer  memory  is  available  for  data 
acquisition. 

1 2. 1 .4.5  Develop  the  somple  queue. 

12.1.4.6  Delete  existing  sample  identifications  using  the  command 
(CONTROL)  -y. 

12.1.4.7  Change  file  rnjmbers  for  previous  standards  and  samples.  (If  file 
numbers  are  not  changed,  existing  files  will  be  overvrritten.) 

12.1.4.8  Enter  the  new  file  numbers  to  be  acquired.  File  numbers  will 
consist  of  the  month,  day  and  sequence  number.  (Example:  The  first  file 
acquired  on  8/16/93  would  be  named  t)81601 .') 

12. 1 .4.9  Save  the  nevriy  created  sample  queue. 

12.1.4.10  Edit  any  other  method  sections  needed  to  meet  method  criteria 
(such  os  peak  integration).  Reference  the  data  system  operations 
manuals  for  guidarice. 

121.4.11  Prior  to  beginning  the  arralytical  run,  set  the  data  system  to 
acquire  data. 
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12.1.4.15 


12.1.4.16 


12.1.4.12  Set  up  subsequent  methods  to  acquire  in  sequence  for  the 
number  of  samples  to  be  orKSlyzed. 

PEST/081601 
PEST/081602,  etc. 

12.1.4.13  Copy  the  method  and  change  sample  queue  file  numbers  os 
detailed  in  sections  1 2. 1 .4.5  through  12.1 .4.9. 

12.1.414  Verify  the  standard  concentrotions  in  the  sample  queue.  If 
necessary,  process  quantitation  standards  against  the  updated 
component  standards  and  sample  queue  concentrotkxns. 

12.1.415  Enter  the  sample  identifications  into  the  sample  queue  to  be 
printed  on  raw  data  and  chromatograms. 

12.1.4.16  Set  the  data  system  for  processing,  including  text  file  (.PRN) 
generation  if  r>eeded  for  transfer  to  Formoster. 

12.1.4.17  Print  chromatographs  and  reports.  Continue  with  doto  reduction 
and  compound  identification. 

12.1.4.18  After  the  initial  calibration  has  been  analyzed,  the  quantitation 
standards  are  verified  and,  if  necessary,  the  component  toble  is 
updated.  The  linearity  curve  should  be  evaluated  to  verify  that  %RSO 
values  ore  within  the  specified  guidelines. 

12.1.4.19  All  standards  and  samples  in  the  sample  queue  are  processed 
and  printed  using  the  Maxima  data  system.  The  sample 
chromatograms  and  quantitation  reports  are  evaluoted  to  verify 
acceptable  surrogate  recoveries,  appropriate  peak  integration, 
carryover  and  need  for  dilution.  Standards  are  evaluated  for  continuing 
calibration  acceptability  and  compound  breakdown.  If  it  appears  that 
the  peak  integration  procedures  were  not  appropriate  for  the  sample 
analyzed,  the  sample  is  reprocessed  and  revisions  to  peak  integration, 
identification,  etc.  ore  made. 

12.1.4.20  When  all  samples  and  standards  are  determined  to  be 
acceptable,  oil  data  are  printed  for  data  review.  If  CLP  forms  ore  to  be 
generated,  the  results  ore  printed  to  a  text  file  for  transfer  to  Formoster. 

12.1.421  Any  abnormal  events  that  occur  during  analysis  or  data 
acquisition  and  conditions  specifically  related  to  the  sample  batch  are 
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Any  corrective  actions  taken  are  detailed  on  the  Corrective  Action  form, 
\«/hich  is  aiso  included  in  the  data  package.  Instrument  modiflcotiora, 
repairs  or  maintenance  are  recorded  in  the  instrument  Maintenance 
Logbook.  The  mainterKince  logbook  notes  should  contain  the  nature  of 
the  problem,  the  corrective  action  performed,  and  the  disposition  of  the 
problem. 
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standard  Oporoting  Proc«dur« 

Somivolalila  Orgomic  Compounds  by  Gas  Chromotography/Mass  Spoctromofry 
(6C/MS)  CoplHory  Column  Tochniqu«-SW-844Molhod  6270 

lA  Scopo  and  Application 

1.1  Method  8270  is  used  to  determine  the  concentration  of  semivoiatiie  organic 
compounds  in  extracts  prepared  from  ail  types  of  solid  waste  matrices,  soils,  and 
ground  water.  Direct  injection  of  a  sample  may  be  used  in  limited  applications.  See 
Table  1  for  the  compounds  that  can  be  determined  by  this  method. 

1 .2  Method  8270  can  be  used  to  analyze  for  most  neutral,  acidic,  and  basic  organic 
compounds  that  are  soluble  in  methylene  chloride  and  capable  of  being  eluted  from  a 
gas-liquid  chromatographic  system.  Such  compounds  Include  polynuclear  aromatic 
hydrocarbons,  chlorinated  hydrocarbons  and  pesticides,  phthalate  esters, 
organophosphate  esters,  nitrosamlnes,  haloethers,  aldehydes,  ethers,  ketones, 
anilines,  pyridines,  quinolines,  aromatic  nitro  compourtds,  and  pherK)ls,  including 
nitrophenols.  See  Table  1  for  a  list  of  compounds  and  their  characteristic  ions  that  hove 
been  evaluated  on  the  specified  GC/MS  system.  Air  Force  list  of  compounds  is  fourtd 
in  the  QAPP.  Other  compounds  may  be  oixilyzed  if  specifically  requested. 

1.3  The  following  compounds  may  require  special  treatment  when  being 
determined  by  this  method.  Benzidine  can  be  subject  to  oxidative  losses  during  solvent 
concentration,  and  its  chromatography  Is  poor.  UrKler  the  alkallrte  conditlor>s  of  the 
extraction  stop,  alpho-BHC,  gammo-BHC,  endosulfan  I  and  II,  and  orforin  ore  subject  to 
decomposition.  Neutral  extraction  should  be  performed  if  these  compounds  are 
expected.  Hexochlorocyclopentodiene  is  subject  to  thermal  decomposition  in  the 
inlet  of  the  gas  chromatograph,  chemical  reaction  in  acetone  solution,  and 
photochemical  decomposition.  N-nitrosodlmethyiomine  is  difficult  to  sepcvate  from  the 
solvent  under  the  chromatographic  conditions  described.  N-nitrosodIphenyiamine 
decomposes  in  the  gas  chromatographic  inlet  and  cannot  be  separated  from 
Oiphenylamine.  Pentachlorophenol,  2,4-dinitrophenol,  4-nltrophenol.  4,6-dlnltro-2- 
methylphenol,  4-chloro-3-methylphenol.  benzoic  acid,  2-nitroanlllne.  3-nitroaniline.  4- 
chloroanlline,  and  benzyl  alcohol  are  subject  to  erratic  chromatographic  behavior, 
especially  if  the  GC  system  is  contaminated  with  high  boiling  material. 

14  The  estimated  quantitation  limit  (EQL)  of  Method  8270  for  determining  an 
individual  compound  is  approximately  0.100  mg/Kg  (wet  weight)  for  soil/sediment 
samples,  1-2(X)  mg/Kg  for  wastes(medlum/hlgh  level)(dependent  on  matrix  and 
method  of  preparation),  and  5  ^g/L  for  ground  water  samples.  EQLs  will  be 
proportiorKiteiy  higher  for  sample  extracts  that  require  dilution  to  ovoid  saturation  of  the 
detector  and/or  chromotographic  phase  overload. 

1.5  This  method  is  restricted  to  use  by  or  under  the  suiservision  of  analysts 
experienced  in  the  use  of  gas  chromotograph/moss  spectrometers  and  skilled  in  the 
interpretation  of  mass  spectra.  Each  analyst  must  demonstrate  the  ability  to  generate 
acceptable  results  with  this  method. 
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1.6  This  document  summarizes  the  laboratory  procedures  for  GC/MS  arxilysts  tor 
semivolotlie  organics.  Most  text  has  been  taken  directly  from  SW-846  Method  8270A. 
Revision  1.  July.  1992.  Laboratory  deviations  from  the  referenced  method  have  been 
Incorporated  Into  the  document  text  otkI  also  identified  in  section  5.0. 

2j0  DeAnHiont 

N/A 

3y0  Equipment 

3.1  Gas  chromatograph/moss  spectrometer  system 

3.1.1  Gas  chromatograph  -  An  analytical  system  complete  with  a  temperature- 
programmable  gas  chroTTKitograph  suitable  for  splitiess  Injection  and  oil  required 
accessories,  Irrcluding  syrirtges.  analytical  columns,  and  gases.  The  capHlary  colunn 
should  be  directly  coupl^  to  the  source. 

3.1.2  Column  -  30  m  X 0.25  rrvn  ID  (or0.32mmiD)  0.25 -1  ^m  film  thickness sicone-coated 
fused-silica  capiUary  column  (J&W  Scienfrfic  DB-5  or  equivalent). 

3. 1 .3  Moss  spectrometer  -  Capable  of  scanning  from  35  to  500  amu  every  1  secorxj  or 
less,  using  70  volts  (nomirKsI)  electron  energy  In  the  electron  Impact  Ionization  rrKXje. 
The  mass  spectrometer  must  be  capable  of  producing  a  mass  spectrum  for 
decafluorotrlphenylphosphine  (OFTPP)  whk^  meets  all  of  the  criteria  in  Table  3  when  1-2 
jiL  of  the  GC/MS  tuning  standard  is  irilroted  through  the  GC  (50  ng  of  DFTPP). 

3.1.4  GC/MS  interface  •  Any  GC-to-MS  interface  that  gives  acceptable  calibration 
points  at  50  ng  per  irijectlon  tor  each  compound  of  interest  arxt  achieves  acceptable 
tuning  performance  criteria  may  be  used. 

3.1.5  Data  system  -  A  computer  system  must  be  interfaced  to  the  mass  spectrometer. 
The  system  must  allow  the  continuous  acquisition  and  storage  on  machine-readable 
media  of  all  rrKBS  spectra  obtofried  throughout  the  duration  of  the  chromatographic 
program.  The  computer  must  have  software  that  con  search  any  GC/MS  data  file  for 
ions  of  a  specific  mass  otkI  that  con  plot  such  ion  abundances  versi^  time  or  sccvi 
number.  This  type  of  plot  Is  defined  as  on  Extracted  Ion  Current  Profile  (EICP).  Sofiware 
must  also  be  available  that  allows  integratk)g  the  obundarx^es  in  cny  EICP  between 
specified  time  or  scarvnumber  limits.  The  most  recent  version  of  the  EPA/NiST  Moss 
Spectroi  Library  ^xxjld  also  be  available. 

32  Syringe  - 10  mU  25  lit  50  (iL  100  (It  500)11.1000  »iL 

33  Volumetric  flosia  Class  A- 10  mL  to  1000  mL. 

3A  Balance  -  ArxilyticaL  0.0001  g. 

33  Bottles  -  gloss  with  Teflon-lined  screw  cops  or  crimp  tof3S. 
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3.6  Reagents 

3.6.1  Reogent  grade  chemicals  shall  be  used  in  all  tests.  Unless  othenvto  indicated,  it 
is  intended  that  all  reagents  shall  conform  to  the  specifications  of  the  Committee  on 
Analytical  Reagents  of  the  American  Chemical  Society,  where  such  specifications  ore 
available.  Other  grades  may  be  used,  provided  it  is  first  ascertained  that  the  reagent  is 
of  sufficiently  high  purity  to  permit  its  use  without  lessening  the  accuracy  of  the 
determination. 

36.2  Acetone,  hexane,  methylene  chloride,  isooctane,  carbon  disulfide,  toluene, 

arxj  other  appropriate  solvents  -  Pesticide  quality  or  equivalent. 

3.6.3  Organic-free  reagent  water  -  All  references  to  water  in  this  method  refer  to 
organic-free  reagent  water. 

3.6.4  Stock  standard  solutions  (1000  -  10,000  |ig/L)  -  Standard  solutions  can  be 
prepared  from  pure  standard  materials  or  purchased  as  certified  solutions. 

4j0  Documentation 

4.1  Instrument  Run  Log 

SuO  ln*houte  ModHications  to  Referenced  MettKxJ 

The  laboratory  employs  the  following  modifications  to  SW-846  Method  8270A.  Revision 
1,  July,  1992: 

6.1  Section  1 .4  (method  section  1 .4)  -  EQLs  for  soil/sediment  and  water  are  0.1  mg/Kg 
and  6  ng/L  respectively. 

5.2  Section  3.1.2  (method  section  4.1.2)  -  the  film  thickness  for  the  column  used  for 
arK3lysis  is  0.25  - 1  ^m. 

5.3  Section  6.2.4  (method  section  5.4)  -  The  final  internal  starxjard  cor>centratlon  is  1000 
ng/^L. 

5.4  Section  6.2.4  (method  section  5.4)  -  A  0.5  ml  extract  Is  spiked  with  10  41  internal 
standard  solution  for  analysis,  resulting  In  a  concentration  of  20  ng/^L  of  InterrKil 
standard. 

5.6  Section  6.2.6  (method  section  5.5)  -  DRPP  (tuning  standard)  Is  added  to  the 
continuing  caHbration  standard  for  analysis.  ARI  uses  a  combined  DFTPP/Continuing 
calibration  standard. 

5.6  Section  6.2.5  (method  section  5.5)  -  The  DFTPP  standard  contains  25  ng/^L  of 
pentachlorophenol  and  berrzidine.  As  DDT  is  not  an  analysis  compound,  it  is  not  added 
to  the  DFTPP  standard. 
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5.7  Section  6.2.6  (method  section  5.6)  -  The  aUquot  of  calibration  standard  used  is  0.5  mL. 

5.8  Section  6.2.8  (method  section  5.8)  -  Matrix  spike  OTvsIyte  corx;entrations  ore  25  ng/|xL 
for  bose/neutroi  compounds  arKi  37.5  ng/^L  for  acid  compounds . 

5.9  Section  6.3.3  (method  section  7.3)  -  operatir»g  corKjttior«  hove  been  modified  to 
reflect  laboratory  instrument  corrditlons. 

5.10  Section  6.3.3.1  (method  section  7.3.1)  •  Changing  the  irijection  port  Nner  has  been 
added  os  a  mointerKince  option  if  cdibrotion  criteria  are  not  met. 

5.11  Section  6.3.3.3  (method  section  7.3.3)  -  1-2  (iL  of  each  calibration  starKiard  is 
analyzed. 

5.12  Section  6.3.3.4  (method  section  7.3.4)  -  Acid  compounds  In  dirty  or  active  samples 
may  exhibit  relative  retention  time  shifts,  also. 

5. 1 3  Section  6.3.5.2  (method  section  7.5.2)  -  internal  starxjord  is  added  to  0.5  ml  of  the  1 
mL  extract. 

5.14  Section  6.3.5.3  (method  section  7.5.3)  -  0.5  ml  of  the  1  ml  extract  is  analyzed. 
Base/neutral  and  acid  surrogate  concentrations  are  50  ng  and  75  ng  on  column 
respectively,  if  a  2  ^L  injection  is  used. 

5.15  Section  8.3  as  written  In  the  published  method  has  been  omitted.  Laboratory 
quality  control  requirements  have  been  specified  in  section  8.0. 

5.16  Method  section  9.0  has  been  omitted.  Method  detection  limit  (MDL)  studies  hove 
been  performed  for  this  analysis  os  per  CFR  40,  part  136. 

5.17  Section  6.2.6;  A  four-point  initial  calibration  may  be  i«ed  for  the  eight  compounds 
listed  in  section  6.2.6. 

6.0  Procedure 

6. 1  Summary  of  Method 

6.1.1  Prior  to  using  this  method,  the  samples  should  be  prepared  for  chromatograp)hy 
using  the  appropriate  sample  preparation  and  cleanup  methods.  This  method 
describes  chromatographic  conditions  that  will  allow  for  the  separation  of  the 
compounds  in  the  extract. 

6.2  Standard  Preparation 

6.2.1  Prepare  stock  starKiard  solutions  by  accurately  weighing  about  0.01  (X)  g  of  pure 
rTKiterial.  Dissolve  the  material  In  pesticide  quality  acetone  or  other  suitable  solvent  and 
dilute  to  volume  in  a  10  mL  volumetric  flask.  Larger  volumes  can  be  used  at  the 
convenience  of  the  analyst.  When  compound  purity  is  assayed  to  be  96%  or  greater, 
the  weight  may  be  used  without  correction  to  calculate  the  concentration  of  the  stock 
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standard.  Commercioily  prepared  stock  standards  may  be  used  at  any  cortcentrotion  if 
they  <xe  certified  by  the  manufacturer  or  by  on  indepeivjent  source. 

6.2.2  Transfer  the  stock  standard  solutions  into  bottles  with  Teflon  lined  screw-caps.  Store 
at  4'’C  and  protect  from  light.  Stock  starKksrd  solutions  should  be  checked  frequently  for 
signs  of  degradation  or  evaporation,  especially  Just  prior  to  preparing  calibration 
stoTKlarcte  from  them. 

6.2.3  Stock  standard  solutions  must  be  replaced  after  1  year  or  sooner  if  comparison 
with  quality  control  check  samples  irtdlcates  a  problem. 

6.2.4  Internal  standard  solutions  -  The  Internal  standards  recommended  are  1.4- 
dichlorobenzene-d4,  naphthalene-d8.  acenaphthene-dIO,  phenanthrene-dIO, 
chrysene-dIZ  and  perylene-d12.  Other  compounds  may  be  used  os  Intemol  standards 
os  long  as  the  requirements  ore  met.  Dissolve  0.200  g  of  each  compound  with  a  smaU 
volume  of  carbon  disulfide.  Transfer  to  a  50  ml  vokjmefrlc  flask  arxj  dilute  to  volume  with 
methylene  chloride  so  that  the  final  solvent  is  approximately  10-20%  carbon  disulfide. 
Most  of  the  compounds  are  also  soluble  In  small  volumes  of  methanol,  ocetor^.  or 
toluene,  except  for  peryler>e-d12.  The  resuitfrig  solution  will  contain  each  starxjard  at  a 
corK^entrotion  of  1.000  ng/^L.  0.5  mL  of  each  1  mL  sample  extract  uixiergolng  analysis 
should  be  spiked  with  10  of  the  interrKri  starKlard  solutioa  resulting  in  a  coix:entratlon 
of  20  ng/^L  of  eoch  internal  starKkvd.  Store  at  4°C  or  less  when  not  beir^g  used. 

6.2.5  GC/MS  tuning  standard:  50  ng  on  column  of  decafluorotrlphenylphosphlne 
(OFTPP)  should  be  added  to  the  doily  (12  hour)  standard.  The  standard  should  also 
contain  25  ng/^L  eoch  of  pentochloroii^enol.  artd  benzidine  to  verify  ir\jectlon  port 
inertness  otkI  GC  column  performar)ce.  Store  at  4*’C  or  less  when  not  being  used. 

6.2.6  Calibration  standards  -  A  minimum  of  five  calibration  standards  should  be 
prepared.  Eight  compounds.  Z4-Dinitrophenol,  Z4.5-Trichlorophenol.  2-Nltroanallne.  3- 
Nltroanaline.  4-Nltroanlllne.  4-Nitrophenol.  4.6-Dinltro-2-methylphenol.  and 
Pentachlorophenol  will  require  only  a  four-point  Initicri  calibration  since  detection  at  less 
than  20  ng  per  Injection  is  difficult.  One  of  the  calibration  startdards  should  be  at  a 
concentration  near,  but  above,  the  method  detection  limit;  the  others  should 
correspond  to  the  range  of  cor>centrations  found  in  real  samples  but  should  rK>t  exceed 
the  working  range  of  the  GC/MS  system.  Each  standard  should  contain  each  arxjiyte 
for  detection  by  this  method  (e.g.  some  or  dl  of  the  compounds  listed  in  Table  1  may  be 
irtcluded).  Each  0.5  ml  aliquot  of  calibration  standard  should  be  spiked  with  10  ^L  of  the 
interrxsl  standard  solution  prior  to  analysis.  All  standards  should  be  stored  at  4  C  and 
should  be  freshly  prepared  once  a  year,  or  sooner  If  check  standards  iiKlicate  a 
problem.  The  daily  calibration  standard  should  be  prepared  weekly  and  stored  at  4°C. 

6.2.7  Surrogate  starKlords  -  The  recommended  surrogate  standards  are  phenol-d6. 
2-fluorophenol.  2.4,6-trlbromophenol,  nltrobenzene-d5.  2-fluoroblphenyl.  2- 
chlorophenol-d4,  1,2  dichlorobenzene-d4,  and  p-terphenyl-d14.  See  Method  3500  for 
the  Instructions  on  preparir^g  the  surrogate  stoTKlards.  Determine  what  coricentratlon 
should  be  in  the  blank  extracts  after  dl  extroctioa  cleanup,  arxj  cortcentrcrtion  steps. 
Inject  this  corrcentrotlon  Into  the  GC/MS  to  determine  recovery  of  surrogate  standards 
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in  all  blanks,  spikes,  and  sample  extracts.  Take  Into  account  alt  dilutions  of  sompie 
extracts. 

6.2.8  Matrix  spike  standards  -  See  Method  3500  for  instructions  on  preparkig  the  matrix 
spike  stonckvd.  Determine  what  concentration  should  be  in  the  blank  extracts  after  aM 
extroctioa  cleanup,  and  cofxentrotlon  steps.  Ir^t  this  concentration  into  the  GC/MS 
to  determine  recovery  of  surrogate  staidads  In  aH  matrix  spikes.  Take  into  account  aH 
dilutions  of  sample  extracts. 

6.2.8. 1  Matrix  spike  compound  concentratioru  In  the  firKii  extract  ore  at  25  ng/(il  tor 
bose/neutrai  compounds  otkI  37.5  ng/|ii  in  acid  compouryjs. 

6.3  Procedure 


6.3.1  Sample  preparation  -  Samples  must  be  prepared  by  or^  of  the  foUowIrxi 
methods  prior  to  GC/MS  arxjlysls. 

tAML  Methods 

Water  351Q3520 

Soil/sediment  354a  3560 

Waste  354a  356a35B0 

6.3.1. 1  Direct  bijection  •  In  very  Hmited  opplicatkxe  direct  inieclkx^  of  the  sample  into 
the  GC/MS  system  with  o  10  nL  syringe  may  be  appropriate.  The  detection  Hmit  is 
very  high  (approximotely  10.000  mO/O'  tberefore,  it  Is  only  permitted  where 
corx:entratlon$  In  excess  of  10,000  ^g/L  ore  expected.  The  system  must  be  calibrated 
by  dkect  irijectlon. 


6.3.2  Extract  cleanup  -  Extracts  nnoy  be  cleaned  up  by  any  of  the  followirtg  methods 
prior  to  GC/MS  analysis. 


Campomcfc 


Mfitbssls 


Phenols 

Phthoiate  esters 
NHiosomines 

Orgarxx^hlorine  pesticides  8i  PCBs 
Nitroaromattcs  and  cycflc  ketor^es 
Polyryx^lear  aromatic  hydrocarbons 
nQC0in6fS 

Chloriroted  hydrocarbons 
Orgariophosphorus  pesticides 
Petroleum  vrosle 
Ail  priority  poMutant  base, 
neutral  and  odds 


363a  364a  SOOa 

36ia  3620  3640 

361036203640 

36203660 

36203640 

3611.36303640 

36203640 

36203640 

3620 

3611,3650 

3640 


a  •  Method  8040  ir>cludes  a  derivatization  technique  followed  by  GC/ECD  dnaiysis.  If 
interferences  are  encountered  on  GC/FID. 
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6.3.3  Initicri  calibration  •  The  recommerKted  GC/MS  operate  corKiltions: 


Mass  range: 

Scan  time: 

Initial  temperature: 
Temperature  program: 
Final  temperature: 

Ir^tor  temperature: 
Transfer  Hne  temperature: 
Source  temperature: 

Injector 

Sample  volume: 

CoRl^gas: 


3&600amu 

1  sec/scan 

40°C,  hold  for  4  miTHJtes 

4O30tK:  at  8K:/mln,  2tK:/mln  to  320C 

32CK^.  hold  unttt  benzoU3.h.0perylene  has  eluted 

25CW0CyC 

250300^ 

According  to  manufacturer's  specHtcations 
19CK:-206'Cforlncos50 
Grob-type.  splittess/spilt 
1-2  uL 

Helium  at  30  cm/sec 


6.3.3. 1  Each  GC/MS  system  must  be  hordvvcve-tuned  to  meet  the  criteria  In  Table  3  for  a 
so  ng  injection  of  DFTPP.  ArKiiyses  should  not  begin  until  aH  these  criteria  are  met. 
Background  subtraction  should  be  strdghtforward  aryj  designed  only  to  eHmirtate 
column  bleed  or  Instrument  backgrourKi  ions.  The  GC/MS  turyng  standard  should  also 
be  used  to  assess  GC  column  perforrrKnce  otkI  Irijection  port  k^ertness.  Benzidine  and 
pentochloropheix}!  should  be  present  at  their  rxxmoi  responses,  and  no  peak  tailing 
should  be  visible.  If  degradation  te  exc^slve  and/or  poor  chromatography  is  noted, 
the  Irijection  port  may  recMre  cleaning.  It  may  also  be  necessary  to  breok  off  the  first  6- 
12  In.  of  the  copiKary  column  or  change  the  8ner. 

6.3.3.2  The  internal  standards  selected  should  permit  most  of  the  components  of 
interest  in  a  chromatogram  to  hove  retention  times  of  0.80-1 .20  relative  to  one  of  the 
internal  starKlords.  Use  the  base  peak  ion  from  the  specific  internal  standard  os  the 
primary  ion  for  quantitation  (see  Table  1).  If  interferences  ore  noted,  use  the  next  most 
intense  Ion  as  the  quantitation  ion  O  e.  for  1,4-dichlorobenzene-d4  use  m/z  152  for 
quantitation). 

6.3.3.3  Analyze  1  or  2  ^1  of  each  calibration  standard  (containing  internal  stoxtords) 
and  tabulate  the  area  of  the  primary  chcxocteristic  ion  a^nst  concentration  for  each 
compocnd  (os  indicated  in  Table  1).  Figure  1  shows  a  chromatogram  of  a  calibration 
standard  contoinirrg  bose/neutroi  otkI  acid  arxilytes.  Calculate  response  tactors  (RFs) 
for  each  compound  as  follows: 

RF  »  (/VxCis)/(AisCx) 


where; 

Ax  -  Area  of  the  chcwacteristlc  Ion  for  the  corrpound  being  measured. 
Ais  >  Area  of  the  characteristic  ion  for  the  specific  internal  standard. 

Os  =  Concentration  of  the  specific  Internet  starxiard  (ng/jiL). 

Cx  a  Concentration  of  the  compound  beirrg  measured  (ng/tiL). 
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6.3.3.4  The  average  RF  should  be  calculated  for  each  compourKj.  The  percent 
relative  standard  deviation  (%  RSO  «  100(SD/RF))  should  also  be  caicuiated  for  each 
compound.  The  %  RSD  should  be  less  than  30%  for  each  compourKl.  The  %  RSD  for 
each  CCC  (Table  4)  must  be  less  than  30%.  The  relative  retention  times  of  each 
compound  in  each  calibration  run  should  agree  vs^in  0.06  relative  retention  time  units. 
Late-eluting  compounds  usually  have  much  better  agreement.  Many  acid 
compounds  can  show  relative  retention  time  shifts  In  dirty  or  active  samples.  The 
analyst  should  be  aware  of  arxj  watch  for  tNs  situation. 

6.3.3.5  A  system  performance  check  must  be  performed  to  ensure  that  minimum 
overage  RFs  are  met  before  the  calibration  curve  is  used.  For  semivolatiles,  the  System 
Performance  Check  Compounds  (SPCCs)  are:  N-nltroso-dl-n- 
propylamine;hexachlorocyclopentadlene;2.4-dlnltrophenol;  arid  4-nltTophenol.  The 
minimum  acceptable  average  RF  for  these  compounds  SPCCs  is  0.050.  These  SPCCs 
typically  have  very  low  RFs  (0.1 -0.2)  and  tend  to  decrease  in  response  as  the 
chromatographic  system  begins  to  deteriorate  or  the  standard  material  begins  to 
deteriorate.  They  are  usually  the  first  to  show  poor  performar>ce.  Therefore,  they 
must  meet  the  minimum  requirement  when  the  system  Is  calibrated. 

6.3.4  Daily  GC/MS  calibration 

6.3.4. 1  Prior  to  analysis  of  samples,  the  GC/MS  tuning  starKkard  rrKist  be  ortalyzed.  A  50 
ng  injection  of  DFTPP  must  result  In  a  moss  spectrum  for  DFTPP  which  rheets  the  specified 
criteria  (Table  3).  These  criteria  must  be  demonstrated  during  each  12  hour  shift. 

6.3.4.2  A  calibration  standarcKs)  at  mid-concentration,  containing  each  compourKl  of 
interest,  including  all  required  surrogates,  must  be  performed  every  12  hours  during 
arKilysis.  Compare  the  response  factor  data  from  the  starKtards  every  1 2  hours  with  the 
average  resportse  factor  from  the  Inttiai  calibration  for  a  specific  instiument  as  per  the 
SPCC  and  CCC  criteria. 

6.3.4.3  System  Performance  Check  Compounds  (SPCCs):  A  system  p)erformarKe 
check  must  be  made  during  every  12  hour  shift.  If  the  SPCC  criteria  are  met.  a 
comparison  of  response  factors  is  made  for  ail  compounds.  This  is  the  same  check 
fhot  is  applied  during  the  inifiai  calibration,  if  the  minimum  response  factors  are  not  met, 
the  system  must  be  evaluated,  and  corrective  action  must  be  taken  before  sample 
anoly^  begins.  If  the  minimum  RF  s  are  rrot  met ,.  the  system  must  be  evaluated,  arxj 
corrective  action  must  be  taken  befrsre  sample  arxjlysls  con  begin.  The  minimum  RF  for 
semivolatile  SPCCs  is  0.050.  Some  possible  problems  are  standard  mixture 
degradation,  injection  port  inlet  contamlrxjtlon.  contcmIrKition  at  the  front  erxj  of  the 
analytical  column,  and  active  sites  In  the  column  or  chromatographic  system.  This 
check  must  be  met  before  onaty^  begirts. 

6.3.4.4  Calibration  Check  Compounds  (CCCs):  After  the  system  p>erforrTKirKe  check 
is  met,  CCCs  listed  in  Table  4  are  used  to  check  the  vcdidity  of  the  initial  calibration. 
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Calculate  the  percent  difference  usirtg: 


%Dlfli0rence«  RR  -  RFc  x  1(X) 


RR«  Average  response  factor  from  Initial  calibration. 

RFc  »  Response  factor  from  current  verification  check  starxjard. 

If  the  percent  differertce  for  any  compound  Is  greater  thort  20.  this  is  considered  a 
warning  limit.  If  the  percent  diftererK:e  for  CCC  is  less  than  30%,  the  initial  calibration  is 
assumed  to  be  valid.  If  the  criterion  is  not  met  (^30%  differertce)  for  any  one  CCC, 
corrective  action  must  be  taken.  Problems  sImUcv  to  those  listed  under  SI^Cs  could 
affect  this  criterion.  If  no  source  of  the  problem  con  be  determined  after  corrective 
action  has  been  takea  a  new  five-point  ccrtlbrotlon  must  be  generated.  This  criterion 
mi^t  be  met  before  sample  arxjiysis  begins. 

6.3.4.5  The  internal  standard  responses  and  retention  times  in  the  calibration  check 
standard  must  be  evaluated  immediately  after  or  during  data  acquisition.  If  the 
retention  time  for  any  internal  standard  changes  by  nxxe  itx^  30  seconds  from  the  lost 
check  calibration  (12  hours),  the  chromatographic  system  must  be  Inspected  for 
malfunctions  arxj  corrections  must  be  rrKide.  as  re^ed.  If  the  EICP  crea  for  any  of  the 
internal  standards  changes  by  a  factor  of  two  (-60%  to  +100%)  from  the  last  daily 
calibration  standard  check,  the  moss  spectrometer  must  be  Inspected  for  maifLinctfons 
and  corrections  must  be  mode,  os  appropriate. 

6.3.5  GC/MS  analysis 

6.3.5. 1  It  is  highly  recommended  that  the  extract  be  screened  on  a  GC/FID  or  GC/PID 
using  the  same  type  of  capillary  column.  This  will  minimize  contomirKJtion  of  the 
GC/MS  system  from  unexpectedly  high  concentrations  of  organic  compouncte  arxl 
may  show  high  background  samples  that  should  be  orKiiyzed  using  a  medium/high 
level  extraction. 

6.3.5.2  Spike  0.5  ml  of  the  1  mi  extract  obtained  from  sample  preparation  with  10  (iL  of  the 
interrKil  standard  solution  Just  prior  to  analysis.  This  is  the  equivalent  InterrKil  standard 
concentration  of  20  ng/iiL  of  each  standard  in  the  sample. 

6.3.5.3  ArKiiyze  the  0.5  ml  extract  by  GC/MS  using  a  30  m  x  0.26  mm  (or  0.32  mm) 
silicone-coated  fused-silica  capillary  column.  The  volume  to  be  Irijected  should  Ideoily 
contain  25  ng/^L  of  base/neutral  and  37.5  ng/^L  of  acid  surrogates  .  The 
recommended  GC/MS  operating  conditions  to  be  used  ore  specified  in  Section  6.3.3. 
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6.3.5.4  If  the  response  for  any  quantitation  ion  exceeds  the  Initlai  coUbratton  cunre  targa 
of  the  GC/MS  system,  extract  dilution  must  :ake  place.  AdcUttorxil  Internal  stoixlard 
must  be  added  to  the  cVluted  extract  to  maintain  the  required  20  rtg/tU  of  each  InterrKri 
stoixtarcl  In  the  extracted  volume.  The  d^ted  extract  must  be  reorxilyzed. 

6.3.5.5  Perform  all  qualitative  and  quantitative  measurements  os  described  in  Section  7. 
Store  the  extracts  at  4°C,  protected  from  light  In  screw-cap  vials  equipped  with 
unpierced  Teflon  lined  septa. 


7.1  Qualitative  onolysls 


7.1.1  An  analyte  is  identified  by  comparison  of  the  sorrple  rrxsss  spectrum  with  the 
mass  spectrum  of  a  standard  of  the  suspected  compourta  (standard  reference 
spectrum).  Moss  spectra  for  startaard  ref^ence  should  be  obtained  or  verified  on  the 
user's  GC/MS  within  the  same  12  hours  as  the  sample  analysis.  These  staixtard 
reference  spectra  may  be  obtair>ed  through  analysis  of  the  calibration  startdards.  Two 
criteria  must  be  satisfied  to  verify  identification:  (1)  elution  of  sample  component  at  the 
same  GC  relative  retention  time  (RRT)  as  the  standard  component;  and  (2) 
correspondence  of  the  sample  component  and  the  standard  component  moss 
spectrum. 


7.1.2  The  sample  component  RRT  must  compare  wlthhn  ±0.06  RRT  units  of  the  RRT  of 
the  starKtard  component.  For  retarertce.  the  startaard  must  be  run  within  the  same  12 
hours  as  the  sample.  If  coelution  of  interfering  components  prohibits  accurate 
assignment  of  the  sample  component  RRT  from  the  totcri  ion  chromatogram,  the  RRT 
should  be  assigned  by  using  extracted,  lorvcurrent  profiles  for  Ions  unique  to  the 
component  of  Interest. 


7.1.3  AH  ions  present  In  the  standard  mass  spectra  at  a  relative  Intertsity  greater  them 
10%(most  abundant  ion  In  the  spectrum  equcHs  100%)  must  be  present  in  the  sample 
spectrum. 


7.1.4  The  relative  intensities  of  Ions  speciftod  in  Section  7.1.3  must  agree  within  plus  or 
minus  20%  between  the  standard  and  sample  spectra.  (Example;  For  an  Ion  with  an 
abundance  of  50%  in  the  standard  spectrum,  the  corre^x>nding  sample  aburtdomce 
must  be  between  30  orKl  70  percent.)  If  not.  the  compound  may  be  flagged  with  on  frn* 
if  the  OTKilyst  determines  that  the  Identification  is  reoKtavors  false  positive). 


7. 1.4.1  Identification  Is  hampered  when  sample  comioonents  are  not  resolved 
chromatogrophlcally  otkI  produce  moss  spectra  containing  ior>s  contributed  by  more 
than  one  orKJiyte.  When  gas  chromatographic  peaks  obviously  represent  more  than 
one  sample  component  (i.e..  a  broadened  peak  with  shoulder(s)  or  a  valley  between 
two  or  more  maxima),  appropriate  selecfron  of  arKilyte  spectra  and  background 
spectra  is  important.  Examination  of  extracted  Ion  current  profiles  of  appropriate  ions 
can  aid  in  the  selection  of  spectra  and  in  qualitative  Identification  of  compounds. 
When  analytes  coelute  (i.e..  only  one  chromatographic  peak  is  apparent),  the 
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identification  criteria  can  be  met,  but  each  analyte  spectrum  will  contain  extraneous 
lens  contributed  by  the  coeluting  compound. 

7.1.5  Tentatively  Identified  Compounds 

7. 1.5.1  For  samples  containing  components  not  associated  with  the  calibration 
standards,  a  library  search  may  be  mode  for  the  purpose  of  tentative  Identification.  The 
necessity  to  perform  this  type  of  identification  will  be  determined  by  the  purpose  of  the 
analyses  being  conducted.  Computer  generated  library  search  routlr^es  should  not  use 
normalization  routines  that  would  misrepresent  the  library  or  unknown  spectra  when 
compared  to  each  other.  For  example,  the  RCRA  permit  or  waste  delisting 
requirements  may  require  the  reporting  of  nontarget  analytes.  Only  after  visual 
comparison  of  sample  spectra  with  the  nearest  library  searches  will  the  mass  spectral 
interpretation  specialist  assign  a  tentative  identification.  Guidelines  for  making  tentative 
identification  are: 

(1) Relative  intensities  of  major  ions  in  the  reference  spectrum  (Ions  >10  %  of  the  most 
abundant  Ion)  should  be  fxesent  in  the  sample  spectrum.  If  not,  the  compourKl  may  be 
flagged  with  an  *m"  If  the  analyst  determines  that  the  identification  is  real  (this  favors 
false  positives). 

(2) The  relative  intensities  of  the  major  iorw  should  agree  within  ±  20%. 

(3) Molecular  ions  present  In  the  reference  spectrum  should  be  present  in  the  sample 
spectrum. 

(4) lons  present  in  the  sample  spectrum  but  not  In  the  reference  spectrum  should  be 
reviewed  for  possible  background  contamination  or  presence  of  coeluting 
compounds. 

(5) lons  present  in  the  reference  spectrum  but  not  in  the  sample  spectrum  should  be 
reviewed  for  possible  subtraction  from  th*^  sample  spectr  im  because  of  bockgrouixj 
contamination  or  coeluting  peaks.  Data  system  library  reduction  programs  can 
sometimes  create  these  discreponcies. 

7.2  Quantitative  analysis 

7.2. 1  When  a  compound  has  been  Identified,  the  quantitation  of  that  compound  will  be 
based  on  the  Integrated  abundance  from  the  EICP  of  the  primary  characteristic  Ion. 
Quantitation  will  take  place  using  the  Interixil  starKkard  technique.  The  internal  standard 
used  shall  be  the  one  nearest  the  retention  time  of  a  given  arKilyte.  If  secor^dary  Ion 
quantitation  is  necessary  due  to  interference,  then  a  short  quantitation  report  list  is 
generated.  This  quantitation  contains  the  Integrated  areas  of  the  affected  compourads, 
based  on  the  secondary  ion(s)  for  that  compound,  and  of  the  relevant  internal 
standards.  Identical  reports  must  be  generated  for  the  sample  with  interference  otkI  for 
the  relevant  contlnuir»g  calibration.  The  report  for  the  continuing  calibration  is  used  to 
generate  a  response  factor  for  the  affected  compound  based  on  its  secondary  ion. 
This  response  factor  is  than  used  in  the  calculations  for  that  compound  in  the  affected 
sample. 
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7.2.2  Calculate  ttie  concentration  of  each  Identified  analyte  in  the  sample  os  follows: 
Water 


concentration  (mq/L)  »  fAxVIsWt^ 

(Als)(RF)(Vo)(VI) 

Ax=  Area  of  characteristic  ion  for  compound  belr>g  meosured. 

Is*  Amount  of  Internal  standard  Ir^ected(nQ). 

Vt*  Volume  of  total  extract,  taWr^  into  account  dilutions  0  ®  a  1  to  10  dilution 
of  a  1  ml  extract  volume  wW  mean  Vt=  10,000  fiL. ) 

Ais*  Area  of  characteristic  ion  for  the  internal  standard. 

RFs  Response  factor  for  compound  being  measured  (section  6.3.3.3) 

Vo=  Volume  of  water  extracted  (ml) 

Vi*  Volume  of  extract  injected  O^L) 

Sediment/Soil/Sludge(on  a  dry  weight  basis)  and  Waste(normally  on  a  wet  weight 
basis) 


corx:entratlon  (MQ/Kg)  =  (AxVIsWt) 

(Als)(RF)(Vl)(WsXD) 


where: 

Ax,ls,Vt,Ais.RF,Vi  =  Same  os  for  water 

Ws  *  Weight  of  sample  extracted  or  diluted  in  grams. 

D»  %  dry  weight  of  sample/100,  or  1  for  a  wet-weight  basis. 

7.2.3  Where  applicable,  an  estimate  of  concentration  for  noncalibrated  components 
in  the  sample  should  be  made.  The  formula  given  above  should  be  used  with  the 
following  modlflcdtions:  The  area  Ax  and  Ais  should  be  from  the  total  ion 
chromatograms  and  the  RF  for  the  compound  should  be  assumed  to  be  1.  The 
concentration  obtained  should  be  reported  Indicating  (1)  that  the  value  is  on  estimate 
and  (2)  which  internal  standard  was  used  to  determine  corxientratlon.  Use  the  r^earest 
internal  standard  free  of  interferences. 

7.2.4  Quontitation  of  multicomponent  compouryds  (e.g.  Aroclors)  is  beyorvd  the  scope 
of  this  method.  NorrrKilly.  quantitation  is  performed  using  a  GC/ECD  by  Method  8080  of 
8061. 

8.0  ChJdiyConiioi 

8.1  Refer  to  the  laboratory  Quality  Assurance  Plan  for  quality  control  procedures. 
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8.2  Specific  quaiity  controi  procedures  are  specified  in  section  6.0  Anaiyticai 
Procedures;  section  7.0  Review ;  and  section  9.0  Corrective  Actions. 

8.3  One  method  biank  is  prepared  and  anaiyzed  with  each  sample  batch.  Sample 
batch  size  cannot  exceed  20  samples. 

8.4  One  blank  spike  (LCS)  is  prepared  and  analyzed  with  each  sample  botch.  Sample 
batch  size  cannot  exceed  20  samples.  Refer  to  Quality  Assurance  Project  Plan  (QAPP) 
forOC  limits. 

8.5  A  matrix  spike  is  prepared  and  analyzed  in  duplicate  at  a  minimum  6%  frequency,  if 
additional  sample  aliquots  are  not  available  for  matrix  spike  arKilysis,  a  duplicate  blank 
spike  analysis  may  be  performed.  See  QAPP  for  QC  limits. 

9.0  Corrective  Actions 

9.1  Surrogate  Recovery 

For  aqueous  and  soil  matrices,  surrogate  recovery  values  should  fall  within  the 
specified  surrogate  control  limits.  Refer  to  the  QAPP  for  QC  limits. 

One  acid  and  one  base/neutral  surrogate  may  be  out ,  but  not  less  than  10%. 

9.1.1  If  recovery  is  not  within  limits,  the  following  procedures  are  required. 

9. 1 . 1 . 1  Check  calculations,  surrogate  solutions  or  internal  standards.  If  errors  are  found, 
recalculate  the  data  accordingly. 

9. 1.1. 2  Check  instrument  performance.  If  an  instrument  perforniance  problem  is 
identified,  correct  the  problem  and  re-onalyze  the  extract. 

9. 1 . 1 .2. 1  If  it  is  determined  that  sample  background  contamirxation  (eg."humptogram") 
is  causing  QC/instrument/chromatography  problems,  then  it  maybe  advisable  to  do  a 
medium/high  level  extraction  for  re-analv^s. 

9. 1.1. 3  If  re-analysis  produces  the  same  out  of  limits  results,  re-extract  and  re-analyze 
the  sample. 

9. 1.1. 4  If,  upon  re-analysis,  the  recovery  is  again  not  within  limits,  flag  the  data  as 
"estimated  concentration". 

9. 1.1. 5  At  a  minimum,  surrogate  recovery  limits  should  be  updated  on  a  matrlx-by- 
matrix  basis,  annually. 

9.2  If  the  LCS  recovery  is  not  within  QC  limits,  proceed  with  corrective  actions 
specified  in  section  9.1.1. 

9.3  See  section  6.0,  Analytical  Procedures,  section  7.0,  Review  and  section  8.0,  Quality 
Control  for  additional  guidance  on  appropriate  corrective  actions. 
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lOyO  Mi$c«llan«ous  NotM  cmkI  Pr«cciuNons 

10.1  Interferences:  Raw  GC/MS  data  from  all  blanks,  samples,  and  spikes  must  be 
evaluated  for  Interferences.  Determine  If  the  source  of  Interference  Is  in  the  preparation 
and/or  cleanup  of  the  samples  and  take  corrective  action  to  eliminate  the  problem. 

10.2  Contamination  by  carryover  can  occur  whenever  hlgh-corrcentration  and  low- 
concentration  samples  are  sequentially  analyzed.  To  reduce  carryover,  the  sample 
syringe  must  be  rinsed  out  between  samples  with  solvent.  Whenever  an  unusually 
corK:entrated  sample  Is  encountered,  it  should  be  followed  by  the  analysis  of  solvent  to 
check  for  cross  contamIrKitlon. 

11.0  Method  References 

11.1  U.S.  ERA  Contract  Laboratory  Program,  Statement  of  Work  for  Organic  Analysis, 
1/91. 

1 1.2  U.S.  ERA  Test  Methods  for  Evaluating  Solid  Waste  (SW-846),  Method  8270A.  Revision 
1,July,  1992. 

12.0  Appertdlces 

12.1  Table  1 :  Characteristic  Ions  for  Semivolatlle  Compounds 

12.2  Table  2:  Estimated  Quantitation  Limits  for  Semivolatlle  Organics 

12.3  Tables:  Table  of  Key  Ions  and  Ion  Abundance  Criteria 

12.4  Table  4:  Calibration  Check  Compounds 

12.5  Table  5:  Semlvolotile  Internal  Standards  with  Corresponding  Arralytes 
Assigrred  for  Quantitation 

12.6  Table  6:  Laboratory  Control  Sample  Recovery  Limits 

12.7  Table  7:  Matrix  Spike/Matrix  Spike  Duplicate  Recovery  Umits 

12.8  Table  8:  Surrogate  Recovery  Umits 
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TABLE  1. 

CHARACTERISTIC  IONS  FOR  SEMIVOLATILE  COMPOUNDS 


IWfrtion 

Coff^pognd  TinM  (min.) 


2-Pfcolr»  3.75a 

Anire  5-68 

Phenol  5'77 

Bls(2-chlofoethyl)  ether  5.82 

2-Chlorophenol  5.97 

1.3- Dlchlorobenzene  627 

1.4- Dlchloroben2ene<l4(I.S.)  6.35 

1,40lchlorobenziene  640 

Benzyl  dcohol  6.78 

1,2-OlchiorobenMne  6.85 

N-NItrosomethylethYlamlne  6.97 

Bls(2-chlorolsopxopy0  ether  7.22 

Elh^cartxmale  727 

ThtopherK)!  (BenzenethloO  742 

Methyl  methanesulfbrKJte  748 

N4viltrosoctt-rvpropylarnlr)e  7.56 

Hexachlofoethane  7^ 

Maleic  anhydride  7.66 

Nitrobenzene  7.87 

bophorone  853 

N-NItrosodlethylamine  8.70 

2-Mtropherx3l  8.75 

Z4-Dlmeiriy|phenol  953 

p-BenzoquIrKXie  9.13 

Bfe(2-chloroethoxy)rTrethane  923 

Beraoicadd  958 

240lchloropher»l  948 

TrImethyl  phoaphote  953 

Ethyl  methanesulfbnate  952 

1,24-Trlchlorobenzene  957 

Naphthalene<180.S.)  9.75 

Nophlhclene  952 

Hexachlorobutaclene  1043 

Tetraethyl  pyrophosphate  1 1 07 

Diethyl  sulfate  11-37 

4-Chloro-5-rnethylpherx5l  1 1 58 

2-4yiethyhaphthalene  1 1 57 

2-Methylphenol  1240 

Hexochloropropene  1245 

Hexochlorocyclopentadlene  12^0 
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Primary 

SecofKkiry 

Ion 

lon(t) 

93 

6692 

93 

6666 

94 

6666 

93 

6695 

128 

64,130 

146 

146111 

152 

15Q115 

146 

146111 

108 

79.77 

146 

146111 

88 

428643.56 

45 

77,121 

62 

6244.4674 

no 

11Q66 109,84 

80 

8679.6695 

70 

42  101. 130 

117 

201.199 

54 

54,9653.44 

77 

12665 

82 

96138 

102 

1024257,44,56 

1» 

'09,66 

122 

07,121 

1G8 

54,1068280 

93 

96123 

122 

10677 

](2 

16498 

no 

11679.96109.140 

79 

79.109.97.4666 

180 

182145 

136 

68 

128 

129,127 

225 

226227 

99 

99.156127.81.109 

1» 

139.4659.99.111.125 

107 

144142 

142 

141 

107 

107.10677,79,90 

213 

213.211.215,117,106141 

237 

236272 
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TABLE  1. 
(Continued) 


KOTMnon 

Pilmsy 

Secondary 

Coinpound 

Time  (min.) 

Ion 

lon<t) 

N-NHrosopyrrolicIne 

12.66 

100 

10a41,426a69 

Acetopherione 

12A7 

106 

71,105i51.12D 

44\/lethy^:henoi 

12£2 

107 

107.10a77,79,90 

Z4,6-Trichiorophenol 

12.85 

1% 

198200 

o-ToluicIne 

1287 

106 

10610777.51.79 

3-MelhylpherK3l 

1293 

107 

107,10877.79,90 

2<>yoroixphttv3lerie 

13.30 

1d2 

127,164 

N-^4trosopipericlne 

13.56 

114 

42114585641 

1,4-Phenyleneclamlne 

13.62 

108 

108,8853,5452 

1 -Chtoronophttvalerie 

134i6a 

162 

127.164 

2-Mtioanlne 

13.75 

66 

92138 

5-<::hloro-2-methylariBr>e 

1428 

106 

106141,14877,89 

Dimethyl  phttKtate 

1448 

163 

194164 

AcerK3phthyler>e 

14.57 

152 

161,153 

Z60lnitTOlDluene 

1462 

166 

6889 

Phthdc  anhydride 

1462 

104 

1047658148 

oArtictne 

1600 

108 

88108123,52 

31<ltioarlne 

1602 

138 

10892 

Acenaphthene<IO  O-S.) 

1506 

164 

162160 

Acencphthene 

1613 

154 

158152 

Z40inltiophenol 

1636 

184 

68154 

Z60initrophenol 

1647 

162 

1621641269863 

4Chloroanlne 

1650 

127 

127.129,6892 

Isosatrole 

1660 

162 

162131,10477,51 

DberaoAion 

1663 

168 

139 

Z4-Oiaminoioluene 

1678 

121 

121.1229477.104 

Z4€)initio1oluene 

1680 

166 

6889 

4-MtTophenol 

1680 

139 

109,66 

2-Naphthylarnine 

1600a 

143 

118116 

1>Nc|3h1hoc|uirxxie 

16i23 

158 

1581041027668130 

pOesicIne 

1645 

122 

12294137.77.93 

DicNorovos 

1648 

109 

109.18879,145 

Diethyl  phthdate 

1670 

149 

177,150 

Fkjorerte 

1670 

166 

168167 

Z4.5-Tfimethylaniline 

1670 

120 

12813813491,77 

N-Nitro80dRxjtylarriiiTe 

1673 

84 

8457.41.116158 

4-Chiorophenyl  phenyl  ether 

1678 

204 

206141 

Hychoquirone 

1693 

110 

1 1881,53,56 

4,6-Dlnltro-2-methylpherx)l 

1705 

198 

51,106 

Resorcinol 

17.13 

110 

11881.825869 

N-NttrosocJphenylamlne 

17.17 

169 

168167 

Sallole 

1723 

162 

162162104.77.103.135 
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#ANALY1ICAI 
KSOURCSS 
iNCOtPOft# 


TABLE  1. 
(Continued) 


ramcvy 

Secondary 

Compound 

Time  (min.) 

Ion 

lon(t) 

Hexomethyi  phosphoramide 

17.33 

136 

13544179,9242 

3-(Chloromethyl)pyrldlne  hydrochl. 

17.S0 

92 

9Z 127. 129.6539 

Dtpherylamine 

1754a 

169 

165167 

1  .Z4.5>Tetrachiorobenzene 

17.97 

216 

215214179.105145218 

14^cpWhy1arnlr>e 

1820 

143 

14511589,63 

1-Acetyi-2-thlourea 

1822 

118 

451154276 

4-8iomophenyl  phenyi  ether 

1827 

248 

25Q141 

Toluene  dteocycrtate 

1842 

174 

17414517514513291 

Z4,5-Trichiorophenol 

1847 

196 

19519597,13299 

Hexachlorobenzer^e 

1866 

284 

142249 

Nboflhe 

1870 

84 

84135161.162 

Pentachloropherx)l 

1925 

266 

264268 

54vatroK>1oluldhe 

1927 

1S2 

77,15279.10594 

Thiorxszfne 

1956 

107 

95107.97.14579.68 

4Mliocnlne 

1957 

138 

135651067928Q39 

Pherxntiver^e-dlOO.S.) 

1956 

188 

9480 

Pherartvsne 

1952 

178 

179,176 

/Vntvacer>s 

19.77 

178 

175179 

1,40inttrobene8ne 

1983 

168 

16575507592122 

Mevtnphos 

19.90 

127 

127.192109,67.164 

NGled 

2003 

109 

109,145147.301.79.189 

1,3OlnitT0benzBne 

aoii8 

166 

16575607592122 

DiolateCcisortrans) 

2057 

86 

8523443.70 

1,2-Olr>ltiobenz9ne 

2066 

166 

165506574 

DIciate  (Irons  or  ds) 

2078 

86 

852344570 

Pentochlorobenzene 

2156 

280 

260262105245215264 

5-Nttio<><rilsiclrre 

21.60 

168 

16579,5213516577 

Pentochloronitrobenzene 

21.72 

237 

237.142214249.295266 

4-Nlttoquinoline-1 -oxide 

21.73 

174 

174101.12575116 

l>f>butylphthaiale 

21.78 

149 

150104 

Z3.4.6-Tetrachloropherx3l 

2188 

232 

232131.230165234168 

DemelorvO 

2Z72 

88 

8589.6061.115171 

Hucxonthene 

2353 

2D2 

101.203 

1,3.5-TrlnHTobena»r>e 

2358 

75 

7574213.12091.63 

Oicrotophos 

2382 

127 

127.67.72109,193.237 

Berddne 

2387 

184 

92186 

TrHUcii 

2388 

306 

3054526441.290 

BromoKyri 

23.90 

277 

277.279.85275168 

Pyiene 

202 

Monocrotophos 

24JQ6 

127 

127.19267.97,109 

Photoie 

2410 

75 

75121.97.95260 

Sulfciale 

2423 

188 

18588.726044 
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#ANALYflCAI 
RESOURCES 
INCORPOR# 


TABLE  1. 
(Continued) 


- — - 

ll•i9fnlOn 

nwficsy 

Secondory 

Compound 

Time  (min.) 

Ion 

lon(t) 

Demetor>8 

24X 

88 

886081.89,114115 

Pheixcetin 

24.33 

108 

180179.109.137,80 

Dimethoale 

2470 

87 

87,98128148229 

Phenobabiid 

2470 

204 

204117.238146161 

CdboHion 

2490 

164 

164149,131.122 

Octamethyl  pyrophosphoramide 

2495 

135 

13844,199.266158243 

4-Aminobipheny( 

yne 

16? 

16?,  1681701 16 

Terbulbs 

2535 

231 

231,57.97.158103 

aa-Dirne1hyipheriylarnine 

2543 

58 

5891,6813442 

F¥orx:nide 

2548 

173 

173.178148109.147 

Aminodzobertzene 

25.72 

197 

92197,1206877 

Dichlone 

25.77 

191 

191,168226228138193 

Dhoseb 

2583 

211 

211.163.147,117,240 

Oisiilbion 

2583 

88 

8897,89,142186 

Ruchlorain 

2588 

306 

30663,32632826465 

Mexccarbcrte 

2&Q2 

166 

168150134164222 

4.4'-Oxvclar*)e 

2508 

200  . 

200108171,80666 

Butyl  benzyl  phItxMe 

2643 

149 

91,206 

4NttobipK8ryl 

2555 

199 

199.1-52141,169.151 

Phosphamidon 

2685 

127 

127.26472109.138 

2<^clohexyM,6-Diriitropheriol 

2687 

231 

231.18841.193,266 

Methyl  pcvathion 

2703 

109 

109.128263.79,93 

Cotboiyl 

27.17 

144 

144118116201 

OirnethylorTiirKXsobenzene 

2780 

225 

22812077.10814842 

RopyttNourad 

2788 

170 

17014211483 

Benz(a)cnthracene 

2783 

228 

229.226 

Chiysene-d12C-S.) 

2788 

240 

120236 

3,3'-Dichloroberiztdirie 

2788 

252 

254126 

Chrysene 

27.97 

228 

226229 

MdalNon 

2808 

173 

173.128127.93.168 

Kepone 

2818 

272 

272274,237.178143,270 

Fenlhion 

2837 

278 

278128109,169,153 

Porcrthion 

2840 

109 

109.97.291,139.166 

ArSozIne 

2847 

239 

239.241.143.17889 

Bis(2-ethylhexy0  phthalate 

2847 

14? 

167.279 

3,3'^>nethylberalclne 

2885 

212 

212106196180 

Corbophenothion 

2858 

157 

167.97.121.342159.199 

S-NitroQcerKiphtherie 

2873 

199 

199.152169.141,115 

Melhapyriene 

2877 

97 

97.60  191. 71 

bodln 

2895 

193 

193.66198268268147 

Ccidcn 

2947 

79 

79,149.77.119.117 

Chlorfenvlnphos 

29.53 

267 

267,269.328328296 
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#AI1ALYTICAI 
MSOUtCES 
INCOt^OftA 


TABLE  1. 
(Continued) 


Pilmciy 

Secondly 

Ooinpouwl 

Time  (min.) 

Ion 

lon(t) 

Ootcocyphos 

29.73 

127 

127.105193.166 

Phosmet 

160 

16077.93.317.76 

ePN 

3Q11 

157 

157,169.185141.323 

Telrochlorvinphos 

3027 

329 

109.329,331,79,333 

Dkvoctyl  phtholcrte 

3048 

149 

167,43 

2-ArTilnoartitvaquinone 

3063 

223 

223,167,195 

Bortxn 

3083 

222 

22261,87.224257,153 

AiomHe 

3092 

185 

185191,319.334197,321 

Benzo(b)fluoranthene 

3145 

252 

255125 

Mlrofen 

3148 

283 

285285202139.253 

Benzo(k)tiuotanthene 

31.56 

252 

255125 

C>iiorobenzlcrte 

31.77 

251 

251,139.255111.141 

FensuHbthion 

31 A7 

293 

29597.305125292 

EINon 

32jQ6 

231 

231.97.155125121 

OielhylsMbestrol 

3215 

268 

265145107,239.121.159 

Fornphu 

3267 

218 

21512593.109.217 

TrH>tolyl  phosphoteb 

3275 

368 

365367.107,165198 

Be^a)pyrene 

3280 

252 

255125 

Perylene<J12(l^.) 

33X16 

264 

260265 

7. 1 2-Dlmethvlbenz(a)an1hracene 

256 

255241,239,120 

5.5-DlphenylTydanloln 

3340 

180 

180104252225209 

Ccpiafol 

3347 

79 

79,77,80107 

Oinocop 

3347 

(9 

69.41,39 

Methc»(ychlor 

3356 

2Z7 

227.225162114274212 

2-Acetylaminofluorene 

3358 

181 

181.180225152 

4.4'-Methylenebls(2-chloroaniline) 

3438 

231 

231.265265140195 

3,3'-Olrne1hoxyt)enzlcllne 

3447 

244 

244201.229 

3^Me1hylcholanthrene 

36J07 

268 

265252255125134113 

PhosGlone 

3623 

182 

182184367.121.379 

Azinphoeniethyl 

3525 

160 

16013295104105 

Leptophos 

3628 

171 

171.377.37577.155379 

Mbex 

3643 

272 

272237.274270239,235 

Trls(2,3-dlbromopropyl)  phosphate  3&68 

201 

137.201.119.217.219,199 

OlsenzCajDcicficine 

3640 

279 

279.280277.250 

Meslronol 

3648 

277 

277.310174147.242 

Coumophos 

37XB 

362 

36222521036497,109 

IndenoCl  .Z3-ccDpyrene 

3952 

276 

135227 

Dibenz(ah)anthtacene 

3952 

278 

139.279 

Benzo(S,h,Opetylene 

4143 

73b 

135277 

1  ,Z4.54Dbenzopyrene 

4150 

302 

302151,150300 

ShydTine 

45.15 

334 

334335333 

Piperonyl  sulfoxide 

4643 

162 

16213510577 
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TABLE  1. 
(Continued) 


Kvfvniion 

Primaiy 

Secondary 

Coirpound 

Time  (min.) 

Ion 

lon(s) 

Hexachkxophene 

47.98 

196 

196t19a209,21 1.406408 

Alcfe^ 

- 

66 

266220 

Arodor-1016 

- 

222 

26Q292 

Aioclor-1221 

- 

190 

224260 

Arodor-1232 

— 

190 

224260 

Aioclor-1242 

- 

222 

256292 

Aiocior-1248 

— 

292 

362326 

Atocior-12S4 

— 

292 

362326 

Aioclor-1260 

— 

360 

362394 

AiptaBHC 

- 

183 

181.109 

- 

181 

186109 

OeNoBHC 

- 

183 

181.109 

y^BHCOJrxjane) 

- 

183 

181.109 

AA-OOD 

- 

236 

237.166 

44-DOE 

- 

246 

246176 

44-ODT 

- 

236 

237,166 

OieicHn 

- 

79 

266279 

1 .2-0lphenyliyclrazlne 

- 

77 

106182 

EndooJIbnl 

- 

196 

339.341 

EndosuMonl 

- 

337 

339,341 

ErxjosulltnsJtbte 

- 

272 

387,422 

Enc»i 

- 

263 

8281 

ErKMnddehycle 

- 

67 

346250 

Bidrtntotone 

- 

317 

67,319 

2-Fluoroblphenyl  (sun.) 

- 

172 

171 

2-FluoroplWtol  (sun.) 

- 

112 

64 

HeptacNor 

- 

ICO 

272274 

HeptacNor  epoxide 

- 

363 

356361 

Nitrobenzene-d5(sun.) 

- 

82 

12664 

N-NItrosodirnethylarnlrie 

- 

42 

7444 

Pherx3kJ6(sun.) 

- 

99 

4271 

Terphenyt-cM  (sun.) 

- 

244 

122212 

Z4.6-Trlbromophenol  (sun.) 

- 

330 

332141 

Toxophene 

159 

231,233 

I.S.  s  interrKi  starxjard. 

sun.  >  sunogate. 

a  «  Estimated  retention  times. 

b  »  Substitute  for  the  norvspeciflc  mixture,  trlcresyl  phosphate. 
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TABLE  2. 

ESTIMATED  QUANTITATION  UMITS  (EQLs)  FOR  SEMIVOLATILE  ORGANICS 

EsHmated 

QuorMcion 

1 

Gnxrd  water 

MO/i- 

LowSol/SecInnent 

MO/Kg 

Semh/olatles _ 

Acenaphihene 

10 

660 

Acerxphlhylenia 

10 

660 

Acetophenone 

10 

1^ 

2A:»tylcrninotluc(en8 

20 

rsD 

l-Acet^2-1hlourea 

1000 

ND 

2nArTtiocr1hiac|ulnQne 

20 

MO 

AmlnocBoberaene 

10 

ND 

4-Aminoblphenyl 

20 

MO 

Arkslie 

100 

MO 

o-ArisicIne 

10 

MO 

Anthiocene 

10 

660 

Aiomlle 

20 

ND 

Azlnphownelhyt 

100 

MO 

Bdtxn 

200 

MO 

Benz(aXnthiacene 

10 

660 

BenzD(b)fluoran1hene 

10 

660 

6enzo0<^tuoranthene 

10 

660 

Benzoic  odd 

SO 

3300 

Ben2o(io,tx0perylene 

10 

660 

Benzo(a)pviene 

10 

660 

p^enzoqukione 

10 

MO 

Benzyl  olcohol 

20 

1300 

BisQ<chloroe1hoxyXnethane 

10 

660 

BisQ-chloroelhyO  elher 

10 

660 

BisQ-chloroisopropyO  ether 

10 

660 

4'brorTX3pherM  pheriyl  ether 

10 

660 

BtomoKynl 

10 

ND 

BuM  benzyl  phtholGrte 

10 

660 

Coplafel 

20 

MO 

Ccpton 

so 

M) 

Cottxiyl 

10 

MO 

CoriOo 

10 

MO 

Cobophenothlon 

10 

ND 

Chlortieinvlnphos 

20 

M) 

AChlorocrIne 
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TABLE  2  (conf  d) 

ESTIMATED  QUANTITATION  UMITS  (EQLs)  FOR  SEMIVOLATILE  ORGANICS 


Estimated 

QLXrMcilion 

UmHs 


Groundwater  LowSol/Secinnent 

Mg/L  tig/Kg 


SsfmvgtiUss 


Chlorobenziate  10 

5Chloro-2-m0lhylanine  10 

4<:hkxc>3-fTiethylpherxjl  20 

3-(Chloromelhy0pyrldlne  hydrochloride  100 

2Chloronaph1halene  10 

2Chio(ophenol  10 

4Chlofophenyl  phenyl  ether  10 

Chrysere  10 

Coumc|3hos  40 

pyOesidhe  10 

Crotraryphos  20 

2CVciohe)(yK6<Jriitropher^  100 

DernelorvO  10 

Demeliorv^  10 

DialateCcisortrans)  10 

Oialate  (Irons  or  ds)  10 

Z40iamlnotokjene  20 

Dl3en2(ajpac3iclie  10 

Dlbertt(ahXn1hracene  10 

DtsenzoUfon  10 

Dibenzo(ae)pyrene  10 

Dkvisutyl  phthdate  10 

Dichlone  NA 

1,2-DichlorobenzBne  10 

1.30ichlorobenzene  10 

1,40ichlorobenz8ne  10 

3,3'-Oichloroberi2idlr)e  20 

Z4-Olchlorophenoi  10 

Z60ichloropheriol  10 

Dichlorovos  10 

Dicrotophos  10 

Diethyl  phlhciote  10 

DiethylsNbestrol  20 

Dtelhytailbte  100 

DImethoale  20 

3,3'^Oirriethoxybertzidlrie  100 
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TABLE  2  (confd) 

ESTIMATED  QUANTITATION  UMITS  (EQLs)  FOR  SEMIVOLATILE  ORGANICS 

Estlmcited 

QiJXMcion 

UrnHs 

U^Sol/Sec^n^ 

mo/l  iig/Kg 


Dimethylcriiixxzobenzene 

10 

MO 

1. 1 2-Dimethytt)enz(a)anthracene 

10 

ND 

3,3'-€Nme1hytt:)enziclne 

10 

ND 

aoDimethvIphenelhylcrTii^ 

ND 

MO 

Z40irT)e1hylphenol 

10 

ttO 

Dimethyl  phthGidle 

10 

660 

1,2-Oiriitroben2Bne 

4) 

MO 

1,3-Dinitioben2ene 

20 

ND 

1.4-Dinnroben2ene 

40 

MO 

460lrttio-2-methylphenol 

SO 

33G0 

240inttrophenol 

50 

3300 

Z40lnifiotoluene 

10 

660 

Z60initiotoiuene 

10 

660 

Dinoocp 

100 

MO 

Dinoseb 

20 

ND 

&50iphenytTydantoln 

20 

MO 

Dkvoctyl  phtholate 

10 

660 

DtsJfoton 

10 

MO 

B3N 

10 

ND 

Elhlon 

10 

ND 

Ethyl  cxxtxvnate 

50 

MO 

Bis(2-ethytiexy0  phtholote 

10 

660 

Ethyl  fTtethanesutlbnate 

20 

MO 

ForriDhur 

20 

MO 

Fensiitbihion 

40 

MO 

Fenihion 

10 

MO 

Fluchioiain 

20 

ND 

Fkjoianlhene 

10 

660 

Ruorene 

10 

660 

Hexochlorobenzene 

10 

660 

HexcK^ilorobutcKlene 

10 

660 

HexachkxocyclopentcKHene 

10 

660 

Hexachkxoettxne 

10 

660 

Hexcx^hloiophene 

50 

ND 

Hexcx::hioropiopene 

10 

M) 

HexcvTiethv^phosphoramide 

20 

ND 
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TABLE  2.(cont*d) 

ESTIMATED  QUANTITATION  UMITS  (EQLs)  FOR  SEMIVOLATILE  ORGANICS 

Estimated 

Quoniallon 

limits 

Grou^water  LoM/Sol/Sec*Tierit 

iig/L  tig/Kg 


Hydoqulxxie 

to 

^D 

lrKleno(1 ,2.3-(Xl)pyrene 

10 

660 

IscxHn 

20 

ND 

Isophoione 

10 

660 

Isosaltole 

10 

ND 

Kepone 

20 

ND 

Leptophos 

10 

ND 

MotatNon 

SO 

ID 

Moieicanhycifide 

NA 

ID 

Mestrcnol 

20 

ID 

Methcpyrtene 

100 

ND 

MefttXMychior 

10 

D 

SA^thytchotanltTiene 

10 

ND 

4.4'-Methylenebls(2-chloroanlline) 

NA 

ND 

Methyl  mettxnesuHbnale 

10 

D 

2-Melhylnaphthdene 

10 

660 

Methyl  paathkxi 

10 

ID 

2-Methy|3henol 

10 

660 

S-Melhy^phend 

10 

D 

4-Melhylphenol 

10 

660 

MeMnphcs 

10 

ND 

M^KXxitxite 

20 

ND 

Mtox 

10 

D 

Monocfotophos 

40 

D 

Nded 

20 

D 

Naphihalene 

10 

660 

1,4NaphthocMnone 

10 

D 

14vlcphthylamlne 

10 

ND 

24'laphthylQmine 

10 

D 

Nk»llne 

20 

D 

6-NHroacenaph1hene 

10 

ND 

2-NHroarine 

so 

3300 

3-NNToanlne 

SO 

3300 

4-NHroanlne 

20 

ND 

5-NHro<><rilsiclne 

10 

ND 

NHrobenaene 

10 

660 
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TABLE  2.(conrd) 

ESTIMATED  QUANTITATION  LIMITS  (EQLs)  FOR  SEMIVOLATILE  ORGANICS 


Estimated 

Qucntitation 

[irdts 


Semivolatles 

Groundwater 

pq/l 

UowSol/SecIrnerTt 

pg/Kg 

4-Mtrobiphenyl 

10 

ND 

NNrofen 

20 

ND 

2-Mtropherol 

10 

660 

4-MtTophenol 

50 

3300 

6-NHro-o-toluldine 

10 

ND 

44^lltroquinolirie-l -oxide 

40 

ND 

N-NItrosodtoutylamine 

10 

ND 

N-NItrosodethylamine 

20 

ND 

N-Nltrosodlphenylamir» 

10 

6t£i 

N-NItroso-dkvpropykamine 

10 

560 

N-NItrosopipefIdhe 

20 

ND 

N-Nitrosopyrrolclne 

40 

ND 

Octamethyl  pyrophosphoramide 

200 

ND 

4.4'-Oxydlanlne 

20 

ND 

Parathion 

10 

ND 

Pentochkxobenzene 

10 

ND 

Pentochloronitrobenzene 

20 

ND 

Pentochlorophenol 

50 

3300 

Pherocetln 

20 

ND 

Phenanthfene 

10 

660 

Phenoborbltal 

10 

ND 

Phenol 

10 

660 

1 ,4-Phenylenedlamlne 

10 

ND 

Phorale 

10 

ND 

Phosalone 

100 

ND 

Phosmet 

40 

ND 

Phosphamidon 

100 

ND 

Phthcic  anhydride 

100 

ND 

2-Plcolne 

ND 

ND 

P^onyl  sulfoxide 

100 

ND 

Pronomlde 

10 

ND 

Propyllhioufacil 

100 

to 

Pyr^ 

10 

660 

Pyrldne 

ND 

ND 

Resorcinol 

100 

ND 

Safrole 

10 

ND 
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TABLE  2.(confd) 

ESTIMATED  QUANTITATION  UMITS  (EQLs)  FOR  SEMIVOLATILE  ORGANICS 


EsHmated 

Quanittalion 

UmNs 


GfOundvMCrier  LowSol/SedltDent 

^g/L  HQ/Xg 


SemMotatles 


Stiychnine  40 

SiJftiate  10 

Teitxilbs  20 

1.2.4,5-Tetrachlorobenzene  10 

Z3,4,6-Tetrachlorophenol  10 

Telrachlofvinphos  20 

Tetraethyl  pyrophosphate  40 

Thionazir^  20 

Thiophenol  ^enzenethloD  20 

Toluene  cis^anate  100 

o-TolulcIne  10 

l.Z4-Trtehlorobenzene  10 

Z4.5-Trlchlorophenol  10 

Z4.6-Trlchloropherx)l  10 

Trtlluraln  10 

24.6- Trlmethylanllne  10 

Trimethyl  phosphate  10 

1.3.6- Trinilroben2ene  10 

Trls(2,3-c''bromopropyl)  phosphate  200 

TrH>tolyl  phospha1e(h)  10 

O.0,0-Triethylphosphorothloate  NT 
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TABl£2(confc() 

ESTIMATED  QUANTITATION  UMITS  (EQLs)  FOR  SEMIVOLATILE  ORGANICS 


a  EQLs  listed  for  soil/sediment  are  based  on  wet  weight.  NorrrKilly  data  is 
reported  on  a  dry  weight  basis,  therefore  FQLs  will  be  higher  based  on  the 
%  dry  weight  of  each  sample.  Thi  i  a  30  g  sample  and  gel 

permeation  chromatography  cleat 

b  Sample  EQLs  are  highly  matrix-dependent.  The  EQLs  listed  herein  are  provided 
for  guidance  and  may  not  always  be  achievable. 

ND=  Not  determined. 

NA=  Not  applicable. 

NT  =  Not  tested. 

OtharMolriDes  Factor 

High-cor>centration  soil  and  sludges  by  ultrasonic  extractor  7.5 

Norvwotermisdble  waste  75 

EQL  »  (EQL  for  Low  Soil/Sediment  (Table  2))  X  (Factor). 
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TABLE  3. 


TABLE  OF  KEY  IONS  /^D  ION  ABUND/VNCE  CRITERIA 

Mass  Ion  Abur^rce  Criteria 

51 

3l>80%of  moss  198 

68 

<  2  %  of  rTKBS  69 

7D 

<2%of  rTX3Ss69 

127 

25-75%  of  rTrassl98 

197 

<  1  %of  mass  198 

198 

Bose  peak,  100  %  relative  abundance 

199 

5-9%  of  moss  198 

275 

10-30%  of  moss  198 

365 

>0.75  of  rrxass  198 

441 

Present  but  less  lhan  mass  443 

442 

40-1 10%  of  moss  198 

443 

15-24%  of  rTK8s442 

ARI  CONTROLLED  COPY 

Document  # 

TABLE  4. 

This  document  remains  the  property  of 

CAUBRATKDN  CHECK  COMPOUNDS 

Analytical  Resources  Inc. 

Base/Neutral  Fraction 

Acid  Fraction 

Acerraphthene 

4-Chloro-3-methylphenol 

1 ,4-Dlchlorobenzene 

2,4-Dlchlorophenol 

Hexachlorobutadiene 

2-Nltrophenol 

N-NItrosodlphenylamlne 

Pheriol 

Dl-n-octyl  phthakate 

Pentachlorophenol 

Fluoranthene 

Z4.6-trlchlorophenol 

Benzo(a)pyrene 
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TABLE  6. 

SEMIVOLATILE  INTERNAL  STANDARDS  WITH  CORRESPONDING  ANALYTES 
ASSIGNED  FOR  QUANTITATION 


1 ,4-Dichloroberaene-d4 

Naphthaier)e-d8 

Acenaphthene<j10 

Anir» 

Acetophenone 

Acemphthene 

Benzyl  alcohol 

Benzoic  acid 

Acerxiphthylene 

Bls(2-chloroethyl)  ether 

Bls(2-chloroetho)(y)methar»e 

1 -Chkxonai^thalene 

Bls(2-chloroisop)ropyl)  ether 

40«xoanlne 

2-Chloro(X3phthalerre 

2-Chlorophenol 

40hlorO'3-methy^Dhenol 

4-Chloropherryl 

1 ,3-Dichlorobenzene 

Z40ichlo(ophenoi 

pherryl  ether 

1  ?4-Dichlorobenzene 

Z6-Dichloro|3henol 

DIsenzoluran 

1 ,2-Dichlorobenzene 

aaOlmelhyi- 

Diethyl  phthalate 

Ethyl  rT)ethar)esulforK3te 

phenethylamine 

Dimethyl  phtholate 

2-Fluorophenol  (surr.) 

Z4Dimethylphenoi 

Z40initTophenol 

Hexachloroethane 

Hexochlorr^sutocHene 

Z4'DinltTotoluene 

Methyl  methanesulforotf' 

Iscphoione 

Z6-Dlnitrotoiuene 

2-Methylpher)oi 

2-Methylrtaphthaler)e 

Fhjorene 

4^Methylphenol 

Nqphtholene 

2-Fluorobiphenyl 

N-NItrosodImethylamine 

Nitrobenzene 

(SUIT.) 

N-NItroso-di-n-propylamirTe 

Nitnobereene<jB  (surr.) 

HexacWorocycIo 

Phenol 

2-Nniopher>J 

F)entadlene 

PherK)l-d6  (surr.) 

N-NItrosocIbutylarTiirte 

1-Naphthylamine 

2-Plcoine 

N-NItrosopipeficIne 

2-Naphthylamlne 

l.Z4-Trlchlorobenzen©  2-Mtroanllne 

3- Nltioanlne 
4Nttocrine 

4- Nttrophenol 
Pentachkxoben^ne 
l,Z4,5-Tetra 

chlorobenzene 

Z3.4.6-Tetra 

chkxophenol 

Z4,6-Trlbiomo 

phertol(surr) 

Z4.6-Tr1chloro 

phenol 

Z4.5-Trlchloro 

phenol 
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Phencnthrene-dlO 


Chrysen&<j~2 


Pervlene<ll2 


4-Amlnobiphenyl 

Antlnocene 

4-Bromophenyl  phenyl  ether 

Dl-rv-butyl  phtholcite 

4,6-Dlnltro2-methylphenol 

Diphenyicmine 

1 .2-Oiphenythyclrazine 

Huorcrlhene 

Hexochiorobenzene 

N-^lfro80C|phenylarnlne 

PsnlQchloiophenol 

PertlQchloronitroben 

FhenaceMh 

Phencrtvene 

Rormicle 


Benzidne 

Ben2o(a)anthfQcene 
Bis(2-ethytt^xy0  phthalate 
Butyl  benzyl  phthalate 
Chcysertt 

3.3'-DichloroberizkJrte 

p-Dlmethylamjnoazoben»r« 

Pyrene 

Terphenyl-cl4  (sur.) 


Benzo(b)fluor 

anthene 

Benzo(k)fluor 

cxithene 

Benzo(g,h.O 

peiylene 

Benzo(o)pyrer>e 

Dlbenz(aJ)acridine 

Dlbenz(ah) 

anttvQcerw 
7,12-Olmethylbenz 
(aXmthracene 
Dl-rvoctyl  phthdale 
lndeno(1, 23-00) 
pyrene 
3-Methylchol 
cnlhrene 


(surr.)  »  surrogate 
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TABLE  6. 

• 

LABORATORY  CONTROL  SAMPLE  SPIKE  RECOVERY  UMITS  FOR  WATER  AND  SaL/SEDIMENTS 

Surrogate  compourKj 

Low/Hlc^ 

Low/High 

Sd 

Water 

Phenol 

37-104 

37-104 

2-Chlorophenol 

45-106 

41-107 

1 .4-Dlchlorobenzene 

38-106 

37-100 

n-Nitroso-di-n-propylamlne 

38-107 

41-103 

1  .Z4-Trlchlorobenzene 

36-113 

10-103 

4-Chloro-3-Methylphenol 

34-111 

41-104 

Acenaphthene 

41-113 

44-107 

4-NltrophefX)l 

11-124 

10-100 

Z4-0ir^otokiene 

33-106 

37-101 

Pentochlorophenol 

10-128 

10-130 

Pyrene 

39^128 

42-130 

2-Methyinaphthaiene 

47-145 

47-146 

TABLE  7. 

• 

MATRIX  SPIKE/MATRIX  SPIKE  DUPUCATE  SPIKE  RECOVERY  UMITS  FOR  WATER  AND  SaL/SEDIMENTS 

Surrogate  compound 

Low/H^ 

Low/High 

Sd 

Water 

Phenol 

5-112 

5-112 

2-Chlorophenol 

23-134 

23-134 

1 .4-Dlchlorobenzene 

20-124 

20-124 

n-NItroso-dl-n-propylamine 

10-230 

10-230 

1 .2.4-Trlchlorobenzene 

44-142 

44-142 

4-Chloro-3-Methylpher)ol 

22-147 

22-147 

AcerKiphthene 

47-145 

47-145 

4-Nltropherx)l 

10-132 

10-132 

2,4-Dlnltrotoluene 

39-139 

39-139 

Pentochlorophenol 

14-176 

14-176 

Pyrene 

52-115 

52-116 

2-Methylnaphthatene 

47-145 

47-145 

• 
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SURROGATE  SRKE  RECOVERY  UMITS  FOR  WATER  AND  SOIL/SEDIMENT  SAMPLES 


Surrogate  compound 

SgI 

Low/HIgh 

Water 

d4-2<:hloiophenol 

43-102 

33-102 

d4- 1 . 2-Dlchlorobenzene 

24-112 

28-106 

Tribromophenol 

24-122 

16-122 

2-Fluorophenol 

36-111 

21-110 

d6-Phenol 

40-104 

10-100 

dS-NItrobertzene 

29^117 

35-110 

2-Fluorobiphenyl 

33-114 

43-104 

d14-p-Terphenyl 

28-133 

33-133 
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Stondord  Operating  Proe«diir« 

D#tfminaWon  of  Di— <  Oiqanlo-AkMkQ  Malhod  AK102(1992) 


IjO  Scop«  cmd  AppIcoHon 

1.1  Objectives 

1.1.1  This  method  is  designed  to  measure  the  concentration  of  <^ese<  rar^ge 
^  organics  in  water  OTKi  sofl.  (This  corresporyjs)  to  on  n-oikar^  range  of  Ciq 

-C28  and  a  boing  point  range  of  approximately  17(>Cto4CICK^. 

1.1.2  This  method  is  primarily  designed  to  measure  dtesel  or  other  mid-range 
petroleum  products  such  as  ^el  oil.  Compor^ts  greater  than  C28 
present  in  procfcx^ts  such  as  motor  oHs  or  lubricatir>g  oMs  are  detectable 
urKjer  the  condftiortt  of  this  method.  More  detailed  identificaiion  and 
characterization  of  mid-range  norvpetroleum  products  arxi  heavier 
petroleum  proc^ts  may  be  based  on  comparison  against  additional 
referenced  materials  using  pattern  recognition  techniques.  These 
addttiorK3l  efforts  care  not  contained  In  this  method. 

1.2  Quantitation  Limits 

1.2.1  Quantitation  limits  are  based  on  100  )ig/ml  of  Diesel  2  in  the  extract  and 
are  0.2  mg/L  for  waters  cxKi  4.0  mg/kg  for  soils. 

1.3  DyiKimic  Range 

1 .3.1  Dilutions  should  be  performed  as  necessary  to  put  the  chromatographic 
envelope  within  the  Ineor  rcnge  of  the  method. 

14  Experience 

1.4.1  This  method  is  based  on  a  solvent  extractioa  gas  chrorrxitography  (GC) 
procedure.  This  method  should  be  used  by,  or  under  the  supervision  of. 
analysts  experienced  In  the  use  of  solvent  extractiorrs  and  gas 
chromatographs.  The  oryaiysts  should  be  skilled  in  the  interpretation  of 
gas  chromatograms  otkI  should  understcnd  their  use  as  a  quantitative 
tool. 
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1.5  Method  Summary 

1 .5.1  One  liter  of  water  or  25  ^oms  of  soli  is  spiked  with  a  surrogate  compourKi 
and  extracted  with  methylerte  chloride.  The  extract  is  ckied  and 
concentrated  to  a  volume  of  1  to  3  ml.  An  oHquot  of  the  extract  is  ir^ected 
into  a  capillary  column  gas  chromatograph  equipped  with  a  fkame 
ionization  detector  (FID).  Quantitation  is  performed  by  comparir^  the 
total  chromatographic  crea  between  Cio  arvj  C28'  resolved  and 
unresolved  peaks,  to  the  response  of  *he  diesel  calibration  standard. 

1.5.2  This  method  Is  primarily  a  modification  of  the  API  consermjs  method 
'Method  for  the  OetermirKition  of  Diesel  Rartge  Organics.'  Revision  Z 
2/5/92.  (See  section  11.11)  It  is  based  in  port  on  USEPA  Methods  8000  and 
8100,  SW-846.  'Test  Methods  for  Evaluating  Solid  Waste,*  3rd  Edition  (1 1.1), 
Method  OA-2  (1 1 .2),  and  work  by  the  EPA  Total  Petroleum  Hydrocarbons 
Method  Committee  (1 1 .3).  ar»d  the  State  of  Oregon,  'Total  Petroleum 
Hydrocarbon  Methods'  OAR  340-122-350,  dated  (Member  1 1,  1990. 

ZO  Deflnttiont 

2.1  Diesel  Range  Organics  (DRO):  All  chronrKitographlc  peaks,  both  resolved  and 
unresolved,  eluting  between  n-decane  (Cio)  and  n-octacosane  (C28)- 
Quantitation  is  based  on  direct  comparison  of  the  area  within  this  range  to  the  total 
area  of  the  diesel  starxiard,  as  determined  from  FID  response  using  baseline 
integration. 

2.2  Diesel  Calibration  Standard  (DCS):  Arxilytlcal  Resources,  Inc.  (ARI)  uses  a 
certified,  commerclalty  prepared  storKlard. 

2.3  Surrogate  Control  SforKlard  (SCS):  Methyl  arachidate  is  used  by  ARI. 

2.4  Laboratory  Control  Sample:  A  reagent  water  or  method  blank  sample  spiked  with 
a  commerciai  diesel  fuel  other  than  those  blended  to  make  the  Diesel  Standard 
(2.2).  The  control  sample  is  used  a  quality  control  check.  The  spike  recovery  is 
used  to  evaluate  method  control. 

2.5  Pattern  Recognition  StarKfords:  Various  commercial  petroleum  products  used  by 
the  laboratory  to  identify  specific  petroleum  product  types. 
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2.6  N-Alkane  Standard  (NAS):  A  mixture  of  normal  crikones,  decone  and  octocosone 
(Cio  and  C28)  at  a  minimum.  This  standard  serves  to  verify  expected  boiling  point 
rcnges  for  petroleum  products,  to  provide  data  on  column  performarK^e,  artd  to 
define  the  retention  time  wirvulow  for  Diesel  Range  Organics. 

2.7  Other  terrm  ore  os  defined  in  SW-486  (11.1). 

3J0  EqidpfTwnt 

3.1  Gas  Chromatograph:  HP  5890  GC  with  HP  7673A  Autosarrpler  and  AK  required 
accessories,  includir^g  a  Flame  Ionization  Detector  (FID),  column  supplies,  gases, 
and  syringes.  A  data  system  capable  of  determining  peak  areas  of  retention  time 
ranges  os  well  os  storing  arxj  reintegrating  GC  data  is  used. 

3.2  Columns:  30mmx.53mmlDJ  +  WDB-5 

3.3  Ultrasorric  cell  disrupter:  A  horn-type  sorricator  equipped  with  a  titortium  t^  should 
be  used.  A  heat  Systems-Ultrosonics.  Inc.  Model  W-386  (475  watt)  sonicotor  or 
equivalent  (power  wattage  must  be  a  minimum  of  375  with  pulsir^  capacity  and 
No.  200  1/2'  Tapped  Disrupter  Horn)  plus  No.  307  3/4'  Topped  Disrupter  Hora  arxl 
No.  419  1/8'  StOTKlard  tapered  MIcrotIp  probe. 

3.4  A  Sonabox  is  recommended  for  use  with  the  above  disrupter  for  decreasing 
sound  (Heot  Systems-Ultrasonicsi  Inc.  Model  432  13  or  equivalent). 

3.5  Nitrogen  evaporator  with  high  purity  (^ode  4.5  or  equivalent)  nitrogen  gas  source. 

3.6  Reagent  water:  Carborvflitered  deionized  water  which  has  been  shown  to  be  free 
from  Diesel  Range  Organic  compounds  —  a  Millipore  system  or  equivalent  Is 
recommended. 

3.7  Methylene  chloride,  hexane,  acetone  (pesticide  grade  or  equivalent). 

3.8  Sodium  sulfate:  ACS  grade,  grarxjlor,  cxttydrous.  Purify  by  heating  at  4CX)“Cfor4- 8 
hours  in  a  shallow  tray,  or  by  extracting  three  times  with  methylene  chloride  and 
drying  at  105»C. 

3.9  Stock  standard  soiution:  Prepare  the  stock  starxJards  listed  below.  Unless  noted, 
all  are  prepared  in  the  methylene  chloride  listed  in  7.2  above.  Standard 
preparation  should  follow  guidelines  in  Method  8000  (1 1 .1). 

3.9.1  Surrogate  Control  Standard:  1500  ^g/ml  Methyl  Arochidate  in  MeCl2. 

3.9.2  Diesel  Calibration  Standard:  Commercial  certified  stock  —  5  pt.  curve. 
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3.9.3  Normal  Alkane  StorKkird  (NAS):  A  stock  solution  of  Cio.  C28* 

surrogate  at  minimum  which  may  contcMn  other  alkanes.  This  multi- 
component  biend  of  aikartes  serves  as  a  retention  time  window  defining 
mIxforDRO. 

AO  Documentation 

N/A 


&0  Inlibuse  ModMooNont  to  Referenced  Method 

N/A 

&0  Proceduree 

6.1  Sample  Preparation 

6.1.1  Waters  ore  extracted  according  to  SW-846  Method  3510  (Separatory 

Funrrel  Liquid-Liquid  Extraction).  Soil  samples  are  extracted  using 

Method  3550  ^onication). 

6.1.2  Water  Extraction  —  Separatory  Fumei 

6.1.2.1  Measure  a  1  liter  portion  of  the  sample  otkI  transfer  to  the  2  liter 
separatory  tUviel.  Ifthesornpieisina  1 1terorsmoHerbottie,  rrKVk 
the  water  meniscus  on  the  side  of  the  sample  bottle  for  later 
determination  of  the  sample  volume.  (See  appropriate 
Extractions  SOP  for  hither  detoHs.) 

6.1. 2.2  Check  and  note  the  pH. 

6.1. 2.3  Add  Methyl  Arochidate  surrogate  storKlard.  Recommended 
level  is  75  ^g/L  in  water  samples. 

6.1. 2.4  For  every  batch  or  20  samples  extracted,  whichever  is  more 
frequent,  prepare  Laboratory  C^troi  Samples  by  adding  0.3  ml  of 
5000  Mg/mi  LCS  fo  1 1ter  of  carbon-fitered  water.  Daly  (or  for  every 
20  samples,  whichever  is  more  frequent)  prepare  a 
bicvrk/surrogote  control  starxjard  usk)g  1  liter  of  corborv-tHtered, 
organic-free  water. 
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6. 1 .2.5  CarefuHy  concentrate  the  extract  to  3  ml  under  a  gentle  stream  of 
nitrogen,  using  the  N-evap  apparatus.  If  the  extrcx^t  is  highly 
colored  forms  a  precipitate,  or  stops  evaporating,  the  ffrrcrt 
volume  should  be  higher  (5-10  ml).  Transfer  1  ml  to  a  GC 
autosompier  vial  for  ortolysis. 

6.1 .2.6  Record  information  for  the  extraction  arxj  corxrentration  steps. 

6.T:3  Soil  Preparation  —  Sonicatlon 

6.1 .3. 1  Decant  any  water  layer  which  may  occompcny  the  soHd  layer  in 
the  sample.  Note  what  percent  of  the  sample  the  water 
represents  and,  if  sufficient  volume  exists,  arratyze  the  water  using 
the  appropriate  methods.  Also  document  the  apparent 
condition  of  the  sample  (e.g..  presence  of  foreign  moteriots, 
variable  particle  size,  presence  of  oil  sheen,  multiple  phoses, 
etc.) 

6. 1.3.2  Since  final  numbers  are  reported  as  mg/dry  Kg,  a  moisture 
determination  must  be  mode.  Pre-welgh  on  aluminum  weighing 
boot.  Weigh  5  - 10  g  of  the  sample  into  the  boot  arxi  record  both 
weights  on  a  percent  moisture  worksheet.  Dry  the  sample  in  a 
105®  C  oven  overnight,  if  r>ecessary,  cool  in  a  desiccator  until  the 
sample  reaches  room  temperature,  and  re-weigh  for  the 
moisture  determination. 

1 .  %  Moisture  =  (A-C)/(A-B)  x  100,  where  A  =  weight  of  boot  + 

wet  sample.  B  »  weight  of  boat,  artd  C  »  weight  of  boat  +  dry 
sample. 

6. 1 .3.3  Weigh  10-25  g  of  the  orig^rKil  sample  Into  a  250  ml  centrifuge  bottie 
and  record  the  weight  to  the  nearest  0.001  g.  Add  25  g  of  dried 
Na2S04  and  stir  the  mixture  well  with  a  steel  spatula  (do  not  use 
plastic).  The  sample  should  hove  a  grainy  texture.  If  it  forms  a 
large  clump,  odd  more  Na2S04  and  note  the  total  weight  of 
dehydrant  used. 

6.1 .3.4  Add  100  ml  of  CH2CI2  to  all  samples. 


Diesel  Range  Organics  -  AK102 
421 S 


Revision  1 
7/5/94 
Page5of  11 


ANALYTICAL 

RESOURCES 

INCORPORATED 


6. 1.3.5  Add  0.05  ml  of  1500  ng/ml  methyl  arcx;hidate  to  all  scmples  and 
controls.  Mix  the  samples  Immediately.  Also  see  section  10.5. 

6. 1.3.6  Add  0.5  ml  of  5000  iig/ml  LCS  to  the  laboratory  control  sample. 
These  samples  should  contain  approximately  25  g  of  Na2S04. 

6. 1 .3.7  Sonicate  the  samples  for  1 .5  minutes  at  on  output  sett^  of  10,  with 
the  3/4  inch  sonicator  horn  1/2  inch  below  the  surface  of  the 
solvent.  The  sonicator  should  be  in  the  1  second  pulse  mode,  with 
the  duty  cycle  set  at  50% 

6. 1 .3.8  Decant  and  filter  the  extracts  through  Whatman  No.  4 1  filter  paper, 
using  vacuum  or  pressure  filtration  .  into  a  solvent-rinsed  500  ml 
graduated  cylinder. 

6.1 .3.9  Repeat  ihe  extraction  twice  more  using  100  ml  aliquots  of  CH2CI2 
each  time.  Collect  these  extracts  in  the  same  cylinder  described 
above. 

6. ’.3. 10  Carefully  concentrate  the  extract  to  5.0  ml  using  the  N-evap. 
apparatus.  Vial  approximately  1  ml  for  GC  analysis. 

6.2  Gas  Chroma  lography 

6.2.1  Recommended  Conditions 

Set  helium  column  pressure  to  7  psi.  Set  column  temperature  to  50®C  for  3 
minutes,  then  ramp  at  a  rote  of  IS'C/min,  to  280“C  and  hold  for  15  minutes. 
Set  FID  Detector  to  350°C  and  iryector  to  250“C. 

6.3  Calibration 

6.3.1  Calibrate  the  GC  with  at  least  5  concentration  levels  using  Diesel 
Calibration  Standard  (3.9.2).  Tabulate  the  area  response  of  the  diesel 
against  mass  injected.  The  ratio  of  the  response  to  the  amount  injected, 
defined  as  the  response  factor  (RF),  can  be  calculated  for  the  starndard 
at  each  concentration.  If  the  percent  relative  standard  deviation  (%RSD) 
is  iess  than  25%  over  the  working  range,  linearity  through  the  origin  con  be 
assumed,  and  the  continuing  calibration  response  factor  can  be  used  in 
place  o?  a  calibration  curve.  If  the  %RSD  Is  greater  than  25%,  the 
continuing  calibration  response  nrKjy  not  be  used  for  quantitation. 
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6.3.2  The  working  response  factor  or  calibration  curve  must  be  verified  on 
each  working  day  by  the  injection  of  a  continuing  calibration  stcndord 
(CCS)  at  a  concentration  mid-point  on  the  calibration  cun/e.  If  the 
response  for  this  statTdard  varies  from  the  predicted  response  by  more 
than  25%.  a  new  calibration  curve  must  be  prepared. 

6.3.2. 1  Percent  Difference  *  Measured  Value  y  i  oo 
^  Actual  Value 


6.4  Gas  Chromatograph  Analysis 

6.4.1  If  initial  calibration  (6.3.1)  has  been  performed,  verify  the  calibration  by 
analysis  of  mid-point  CCS  (6.3.2).  With  each  day's  run.  open  a  24  hour 
analysis  window.  This  is  done  by  runnir>g  the  midpoint  curve  STD. 

6.4.2  Calculate  the  percent  differerxie  of  the  daily  STD  from  the  curve.  This  is 
done  for  diesel  range  organics  as  a  group.  If  the  response  factors  have  a 
percent  difference  greater  than  25%,  the  irrstrument  must  be  recalibrated 
(6.3.1). 

6.4.3  A  midpKDint  continuing  calibration  standard  must  also  be  run  at  least  once 
every  twenty  samples  and  at  the  end  of  each  sequence.  If  the  result 
does  not  fall  within  25%  of  the  true  value,  all  samples  run  before  the  failed 
QC  must  be  reanalyzed. 

6.4.4  A  method  blank  must  be  run  every  sequence  to  determine  the  area 
generated  on  normal  baseline  bleed  under  the  conditions  (prevailing  in 
the  24  hour  period.  This  area  is  generated  by  projecting  a  horizontal 
baseline  between  the  retention  times  observed  for  Cio  and  C28-  This 
laboratory  control  sample  is  integrated  over  the  DRO  area  in  the  same 
manner  for  the  field  samples.  arxJ  Is  reported  as  the  solvent  blank  (1 1 .4). 
Do  not  baseline  subtract.  This  Information  Is  for  data  Interpretation 
purposes. 

6.4.5  Rinses  should  be  run  after  any  samples  suspected  of  being  highly 
concentrated  to  prevent  carryover.  If  the  blank  analysis  shows 
contamination,  the  column  must  be  baked  out.  arKi  subsequent  blanks 
analyzed  until  the  system  is  shown  to  be  free  from  contaminants. 
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6.4.6  If  the  product  corK;entration  exceeds  the  Hriear  range  of  the  method  (os 
defined  by  the  range  of  the  calibration  cunre)  in  the  final  extract,  the 
extract  must  be  diluted  arxj  reanalyzed.  The  response  of  the  major 
peaks  should  be  kept  in  the  UF>per  half  of  the  linear  range  of  the 
calibration  curve. 

6.4.7  Qualitative  Identification  pattern  Recognition); 

6.4.7. 1  Although  the  RT  window  for  diesel  range  organics  is  +/-  0.2 

N  minutes.  Identification  of  diesel  or  other  products  is  achieved  by 

direct  comparisons  of  sample  chromatogrcyrrs  to  retention  times 
arKi  peak  patterns  of  standard  product  chromatograms. 

6.4.7.2  The  analyst  should  gerterate  a  value  for  diesel  range  organics, 
and  should  qualitatively  identify  diesel  or  other  products  when 
reporting  data.  The  experiertce  of  the  analyst  weighs  heavily  in 
the  interpretation  of  the  chromatogram.  The  analyst  should 
identify  each  sample  os  fast  as  possibie,  and  shouid  explain  any 
problems  or  comments  in  the  Analyst  Notes  or  the  cover  letter. 

7X)  Review 

7.1  The  analyst  will  review  project  documentation  to  determine  If  there  are  any 
special  requirements  for  sample  handling  or  analysis. 

7.2  Data  are  reported  and  reviewed  os  detailed  in  the  "Data  Reporting  and  Review" 
SOPs. 

QualtyConliol 

8.1  After  successful  calibration  (6.3),  arralyze  a  method  blank.  This  blank  is  also  the 
reagent  blank  sample  and  is  orKsiyzed  with  every  orKilytical  botch  (20  sampies)  or 
sequence,  whichever  Is  more  frequent.  The  surrogate  recovery  should  be  within 
established  limits  (8.7),  or  within  the  limits  established  by  the  project  plan,  whichever 
are  more  stringent.  The  method  blank  should  not  hove  Diesel  Range  Organics 
above  the  practical  quantitation  limit. 

8.2  Every  batch  of  20  samples,  a  Laboratory  Control  Standard  must  be  analyzed,  using 
organic-free  water  or  Sodium  Sulfate  as  Is  appropriate  to  the  samples. 

8.3  If  any  of  the  criteria  in  6.3,  8. 1,  or  8.2  are  rrot  met,  the  problem  must  be  corrected 
before  samisles  are  arrolyzed. 
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8.4  Calculate  the  surrogate  standord  recovery  In  each  sample.  If  recoveries  are 

outside  established  limits,  verify  calculations,  dilutions,  and  starKjard  solutior^s. 

Also  verify  instrument  performarK:e. 

8.4.1  High  recoveries  may  be  due  to  a  coeluting  matrix  interference.  Examine 
the  sample  chromatogram. 

8.4.2  Low  recoveries  may  be  due  to  adsorption  by  the  sample  matrix 
(muskeg,  tundra,  forest  loam,  etc.). 

8.4:3  If  the  surrogate  recovery  is  outside  established  limits  due  to  matrix 
effects.  DRO  resuits  must  be  flagged  os  such. 

8.5  Field  blanks,  travel  blanks,  matrix  blanks,  duplicates,  and  matrix  spikes  are 

recommended  for  specific  sampling  programs. 

8.6  More  stringent  quality  control  criteria  nrKiy  be  required  by  specific  project  plar^. 

Corrective  Actions 

9.1  Continuing  Calibration 

9.1.1  All  continuing  calibration  standards  must  meet  %D  limits.  If  a  standard 
does  not  meet  QC  limits,  all  samples  run  after  the  stortdard  that  lost  met 
QC  limits  must  be  rerun. 

9.1.2  If  corrective  maintenance  can  be  performed  to  bring  the  offending 
standard  bock  within  limits,  the  run  may  be  continued  at  that  point. 

9.1 .3  If  the  out  of  control  event  cannot  be  reconciled,  a  new  initial  calibration 
sequerrce  must  be  run. 

92  Recovery  limits 

9.2.1  All  surrogates,  LCS  extracts,  and  matrix  spikes  must  meet  Quality 
Assurance  Project  Plan  (QAPP)  recovery  limits  or  be  reextracted  and/or 
rerun, 

9.2.2  Before  reaixrlysis,  the  analyst  should  attempt  to  determine  the  cause  of 
the  problem  arxj  correct  it. 

9.2.3  Because  the  internal  QC  limits  hove  been  determined  for  soil  otkI  water 
matrices  only,  they  may  not  apply  to  other  matrices  such  as  oily  soils, 
sludges,  etc. 

?  .3  See  Method  8(XX)  for  further  corrective  action  procedures. 
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lOO  Misc«licm«ous  NoIm  cmd  Pr«ccRiHont 

10.1  Other  organic  compouixls  irx:luding.  but  rx>t  limited  to,  animal  arxj  vegetable  ofl 
and  grease,  chlorinated  hydrocarbor^,  phenols,  phtholote  esters,  rvKl  bloger^ 
terpenes  are  measurable  under  the  conditlor>s  of  this  method.  Heavier  petroleum 
products  such  as  lubricating  oil  otkI  crude  oil  also  produce  a  response  within  the 
retention  time  rar^ge  for  ORO.  As  defined  in  the  method,  the  DRO  results  include 
these  compounds. 

10.2  Method  interferences  ore  reduced  by  washing  all  glassware  with  hot,  soapy  water 
and  then  rlr^ng  it  with  tap  water,  methanol,  ard  methyler^  chloride.  Heating  the 
glassware  to  reduce  contaminants  should  not  be  necessary  If  this  cleaning 
method  is  followed.  At  least  one  method  blank  must  be  arKriyzed  with  each 
extraction  batch  to  demonstrate  that  the  samples  are  free  from  method 
interferences. 

10.3  High  purity  reagents  such  as  Burdick  ard  Jackson  GC^  methylene  chloride  or  Baker 
capillary  grade  methylene  chloride  must  be  used  to  minimize  interference 
problems. 

10.4  Contamination  by  carryover  can  occur  whenever  high-level  and  low-level 
samples  are  sequentially  analyzed.  Whenever  an  unusually  concentrated 
sample  is  encountered,  it  should  be  followed  by  an  analysis  of  a  solvent  blank  to 
check  for  cross-contamination. 

10.5  Based  on  screen  runs  or  historical  data  from  a  [xjrtlcular  project,  the  GC  Supervisor 
may  decide  to  modify  the  usual  extraction  level.  Such  tTxxJIflcations  may  irrclude 
decreased  sample  amount,  increased  final  extract  volume,  and  increased 
surrogate  level.  The  arxalyst  will  also  have  discretion  to  dilute  sample  extracts  prior 
to  arx3lysis  based  on  visual  inspection. 

11J)  Method  References 

1 1 .1  Alaska  Department  of  Envlrorrmental  Conservotloa  'Method  for  the  Determination 
of  Diesel  Range  Organics',  AK10Z  Draft,  1  July  1992. 

12D  Appendices 

1 2. 1  Acceptance  Criteria  for  Quality  Control 
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Standard  Oporoling  Proc«dur« 

Datormincrtion  ol  Gotolna  Ranga  Organic*  -  Akitka  Method  AK101  (1992) 

IXI  Scope  and  Application 

1.1  Analytes 

1.1.1  This  method  is  designed  to  measure  the  cortcentrotion  of  gasoMne  roige 
organics  in  water  arvd  soli.  This  corresporKjs  to  an  oikone  range  of  C6  - 
Cio  and  a  boiling  point  range  between  opproximateiy  60*C  and  1 70‘C. 

1.1.2  Components  greater  than  Cio  which  are  present  In  products  such  as 
diesel  or  fuel  oil  ore  detectable  under  the  conditions  of  the  method.  If, 
based  on  a  review  of  the  chromatogram,  the  preserx^e  of  these  product 
types  is  suspected,  the  client  should  be  informed.  Gasoline  or  other 
specific  products  or  compounds  may  be  identified  by  the  use  of  pxsttem 
recognition  techniques.  This  may  include,  but  Is  rtot  limited  to,  analysis  of 
additional  reference  materials.  These  additional  efforts  are  not 
contained  within  this  method. 

1.1.3  With  the  optional  photoionization  detector  (PID),  this  method  can  be 
extended  for  specific  determination  of  volatile  aromatics  (BTEX)  os 
specified  in  EPA  method  602/8020. 

1 2  Quantitation  Limits 

. t.21 '  "j  ’The  -Method  Reporting  Limit  (MRL)  of  this  method  for  gasoline  range 

organics  is  ap^oximately  4  mg/kg  for  soils  and  0.1  mg/L  for  grourKf 
water. 

1.3  Dynamic  Range 

1 .3.1  Dilutions  should  be  performed  as  necessary  to  put  the  chrorrKrtogrophic 
envelope  within  the  linear  range  of  the  method.  In  general,  the 
approximate  range  is  0.25  to  25  mg/L  of  gasoline. 

14  Experience 

1.4.1  This  method  is  based  on  a  purge-and-trap.  Gas  Chromatography  (GC) 
procedure.  This  method  should  be  used  by,  or  under  the  supervision  of, 
analysts  experienced  In  the  use  of  purge-and-trap  systems  otkI  gas 
chromatographs.  The  arxsiysts  should  be  skilled  in  the  interpretation  of 
gas  chromatograms  and  their  use  os  a  quantitative  tool. 


GasoHne  Range  Organics  -  AK101 
422S 


Revision  1 
7/6/94 
Pagel  of  14 


r 


2X>  D«llnlllont 

2.1  Gasoline  Range  Organics  (GRO);  All  chromatographic  peaks,  both  resolved  arxj 
unresolved,  eluting  between  C6  and  Ciq.  Quantitation  Is  based  on  a  direct 
comparison  of  the  baseline  -  bosellrte  integrated  area  within  this  rar^  to  the  total 
area  of  the  calibration  standard  using  FiO  response. 

2.2  Surrogate  Control  StarKiard  (SCS);  Bromobenzene  artd  trifluorotoluene  are  used 
as  a  laboratory  control  and  to  normalize  GRO  cor»centTat1ons. 

2.3  Laboratory  Control  Sample:  A  reagent  water  or  method  blank  sample  spiked  with 
gasoline  at  a  corKentrotion  equal  to  the  calibration  standard.  The  spike  recovery 
is  used  to  evaluate  method  control. 

2.4  Pattern  Recognition  Standards:  Various  commercial  gasolines  and  other 
petroleum  products  used  by  the  laboratory  to  identify  petroleum  products. 

2.5  Normal  Alkane  Starxlord  (NAS);  A  rHxmal  alkarte  standard  (C6  and  Cio)  which  is 
analyzed  with  each  analytical  batch,  a  batch  not  exceeding  20  samples.  This 
standard  is  used  to  verify  the  gasoline  quantitation  range, 

2.6  Other  terms  are  os  defined  in  SW-846  (11.1) 

3j0  Equipment 

3.1  40  mL  amber  gloss  VOA  vials  with  Teflorviined  septa  and  screwcaps. 

3.2  Volumetric  flasks,  class  A:  10  mL  60  mU  100  mU  500  mL  aixl  lOCX)  mL  with  ground 
glass  stoppers. 

3.3  Disposable  pipets;  Pasteur. 

3.4  5  mL  Luerlock  gloss  syringe  arxj  5  mL  gas-tight  syringe  with  shutoff  valve. 

3.5  For  purging  large  sample  volumes  for  low  detection  limit  arxslysis,  25  or  50  mL 
syringes  may  be  used.  Remember  to  adjust  other  volumes  as  necessary 
throughout  the  method. 

3.6  Microsyringes:  1, 5, 10. 25. 100, 250, 500.  and  1000  ^L 

3.7  Analytical  balorrce  capable  of  accurately  weighing  to  the  nearest  0.0X1  g  for 
preparation  of  standards,  arxj  a  top-loading  bolorrce  capable  of  weighing  to  the 
nearest  0. 1  g  for  samples. 

3.8  Stainless  steel  spatula. 
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3.9  Gos  ChromatocKoph;  HP  5890  GC  with  an  OI  4460  concentrator  aryj  aH  reqi^ed 
accessories,  iivDluding  detectors  (FID  required,  odditiorxsl  PID  optiortcri),  column 
supplies,  gases,  and  syringes.  Aiso  required  Is  a  data  system  capable  of 
determining  peak  areas  ustr>g  a  forced  boseUrte  artd  baseline  projection. 

3.10  Column  1:  30mx0.53mml.D.  J&WD8-624 

3.1 1  Reagent  Water:  Corborvfiltered.  purged  water  which  has  been  shown  to  be  free 
from  purgeable  compourtds.  (Referred  to  as  organic-free  water.)  Helium  is  the 
purge  gas. 

3.12  Reagent  grade  Methortol  (or  equivctent).  Store  away  from  other  solvents. 

3.13  Stock  Standard  Solutions:  Prepare  the  followir^  stock  standards.  Unless  noted,  all 
are  prepared  using  the  methanol  listed  above  as  a  solvent.  Startdord  preparation 
should  follow  guidelines  in  SW  846  (11.1).  Ail  standards  must  be  stored  without 
headspace  at  -10  to  -20*C  and  must  be  protected  from  light.  Properly  stored 
starKlards  must  be  replaced  within  6  months  of  preparation.  Standards  should  be 
checked  regularly  to  assure  their  integrity. 

3.13.1  Recommended  Surrogate  Standard:  2.5  |ig/mL  of  bromobenzene  and 
5.0  ng/mL  trifluorotolueno.  Add  140  jiL  of  this  surrogate  directly  Into  the  14 
mL  autosampler  vial  with  every  water  sample  and  refererxje  standard 
analyzed.  Surrogate  is  spiked  into  soil  samples  during  extraction. 

3.13.2  Stock  StarKkard  for  Laboratory  Control  Samples:  From  a  certified  gosoline 
solutloa  prepare  a  dilution  of  5(XX)  ^g/mL  in  methanol.  Addition  of  the 
following  amounts  yields  the  indicated  concentrations: 

0.007  mL  added  to  14  mL  water  2.5  mg/L 
0.25  mL  added  to  5  g  soU:  250  mg/Kg 

4.4)  Documentation 

N/A 

5i0  Inhouse  ModMccrtiont  to  Referenced  Method 

5.1  The  method  section  on  sample  collection  techniques  for  soils  has  been  omitted. 

5.2  Section  6.7.3:  Retention  time  wItkIows  are  set  at  ±0. 1 5  minutes. 

6j0  Procedures 

6.1  Volatile  compounds  ewe  introduced  Into  the  gas  chromatograph  by  purge-and- 
trap.  The  purge  gas  (helium)  should  be  set  at  a  flow  rate  of  35  -  40  mL/minute. 
Purge  time  is  set  at  1 1  minutes. 
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6.2  Waters: 

6.2.1  Purge-ond-trap  may  be  used  directly  on  most  water  samples. 

6.2.2  Water  samples  high  in  dispersed  sediments  (non-settilr)g  or  slow  settling 
solids)  must  NOT  be  filtered  before  analysis,  os  this  results  in  loss  of 
volatiles.  In  most  cases,  a  muddy  water  sample  con  be  left  undisturbed 
until  the  solids  settle.  Then  on  aliquot  of  the  sample  con  be  token  with  a  5 
mL  syringe,  as  long  as  the  sediment  layer  is  left  undisturbed.  Introduction 
of  the  sediment  into  the  purge  device  can  result  In  occlusion  of  the  frit, 
leading  to  Incomplete  purging  of  the  sample  arxj  low-biased  results.  In 
any  case,  sample  p>reparation  should  be  noted,  and  an  approximate 
volume  given  for  the  solids,  if  they  are  pxesent. 

6.3  Soils  and  Sediments: 

6.3.1  Soils  and  solids  are  metharK)!  extracted.  An  aliquot  of  the  extract  is 
added  to  reagent  water,  orxj  is  cvKiiyzed  according  to  section  9.8.  Gas 
Chromatograph  Analysis. 

6.3.2  Samples  may  be  collected  Into  tared.  methanol-containing  VOA  viols. 

6.3.3  Weigh  the  sample  vial  upon  receipt  and  record  the  total  filled  weight. 
Shake  the  viol  for  2  minutes  and  allow  the  sediment  to  settle.  Transfer  an 
aliquot  of  the  extract  into  an  amber  glass  vial  with  a  Teflon-lined  septum 
in  the  screw  cap  and  store  without  headspace  at  4'C. 

6.4  Normally  Collected  Soils  arKd  Sediments: 

6.4.1  When  solids  are  collected  by  the  sampling  techniques  In  SW-846  (1 1.1). 
volatile  results  are  biased  low.  Therefore,  data  from  these  samples 
(collected  without  metharK?!  preservative)  must  be  reported  as  "cheater 
than  or  equal  to"  (^)  the  calculated  mg/Kg  GRO.  and  they  may  not  be 
accepted  os  valid  by  State  project  managers. 

6.4.2  In  order  to  prepare  extracts  from  these  types  of  collection  containers, 
gently  mix  the  contents  of  the  sample  container  with  a  narrow  metal 
spatula.  Do  not  discard  any  supernatant  liquids,  os  the  entire  contents  of 
the  sample  container  must  be  represented. 

6.4.3  For  sediment/soil  and  waste  that  are  Insoluble  In  methanol,  weigh  5.0  g 
(wet  weight)  of  sample  into  a  tared  20  mL  vial,  using  a  top  loading 
balance.  Note  orxj  record  the  actual  weight  to  0. 1  g. 
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6.4.4  Quickly  CKld  4.75  mL  of  methanol  and  0.25  mL  of  the  100/50  ng/mL  stock 
surrogate  splkirtg  solution  to  the  viol.  Or.  offer  adding  spiking  sokitkxx  fW  to 
the  lk)e  on  the  viol.  Cop  and  shake  for  1  minute.  Centrifuge  the  extract  for 
10  minutes  at  1/2  speed.  Trcyrsfer  140  ^  of  the  extract  to  a  14  mL  water- 
filled  autosampler  vial. 

6.4.5  Allow  sediment  to  settle,  pipet  an  aliquot  to  an  amber  glass  vial  for 
storage  at  4‘C  with  zero  headspace. 

6.4.6  These  steps  MUST  be  performed  rapidly  and  without  interruption,  in  a 
laboratory  free  from  solvent  fumes,  to  avoid  loss  of  volatile  organics  or 
cross  contamination. 

6.5  Sample  Screening:  It  is  highly  recommended  that  all  samples  be  screened  prior 

to  analysis,  as  they  may  contain  enough  (iDetroieum  product  to  overload  the 

column  or  the  detectors. 

6.6  Gas  Chromatography  Conditions  (recommended): 

6.6.1  Column  1 :  Set  helium  column  pressure  to  6  psi.  Sot  column  temperature 
to  45*C  for  3  minutes  Then  ramp  at  a  rate  of  6’C/mlnute  to  100*C  then 
20'C/mlnute  to  240*C.  ar>d  hold  for  5  minutes.  CondHiorw  rtKiy  be  altered 
to  improve  the  resolution  of  gasollrie  range  organics. 

6.7  Analysis 

6.7.1  Tabulate  the  area  response  of  the  gasoline  against  moss  Injected.  The 
ratio  of  the  respor^  to  the  amount  injected,  defined  os  the  response 
factor  (RF),  can  bo  calculated  for  the  standard  at  each  cor>centrat1on.  If 
the  percent  relative  standard  deviation  (%RSD)  is  less  than  25%  over  the 
working  range,  linearity  is  assumed  and  the  continuing  calibration 
staixlard  may  be  used  In  place  of  the  cunre.  If  the  %RSO  is  greater  than 
25%,  the  calibration  curve  must  be  used. 

Response  Factor »  Total  Area  of  gasoline  standord 

GasoUne  starxjard  amount  Org/mL) 

6.7.2  Continuing  calibration  standards  are  run  after  every  10  samples  to  verify 
the  working  cun/e.  Calculated  amounts  must  be  within  ±  25%  D  from  the 
true  amount. 
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%D  a  measured  concentrotton 

actud  (xmcentroWon  ^ 

6.7.3  Retention  Time  Winciows  and  Pattern  Recognition:  The  RT  window  for 
individuai  compounds  within  the  gasoline  range  is  ±0.15  minutes. 
However,  the  experience  of  the  analyst  weighs  heovlly  in  the 
interpretation  of  the  chromatogram  Referertces  1 1 .6,  11.7,  arnd  1 1 .8 
contain  some  Information  on  hydrocarbon  pattern  recognition. 
Environmental  samples  may  contain  more  than  one  type  of  product,  cbxJ 
loss  of  llght-ertd  components  may  indicate  that  the  product  has  been  in 
the  subsurface  a  longer  period  of  time.  It  may  also  make  product 
identification  tentative  at  best.  The  analyst  should  make  a  detrrfmirxatlon 
of  Yes  or  No  for  the  ID  of  gas.  Any  further  expkVKition  wiH  be  taken  core  of 
in  the  analyst  notes  or  cover  letter. 

6.7.3. 1  Quantitation  of  the  gosoline  range  organics  is  based  on  summed, 
baseline-baseline  integration  of  all  resolved  and  unresolved 
peaks  eluting  between  C6  and  Ciq.  Qualitative  identification  of 
gasoline  may  include  all  the  same  peaks  or  the  analyst  may 
eliminate  some  peaks.  For  instance,  peaks  could  be  deleted  due 
to  unusual  peak  shape.  Other  arxslyses,  such  as  GC/MS,  may  be 
used  to  identify  interferences. 

6.7.3.2  Note;  Although  the  retention  time  window  definition  introduces  a 
low  bias  (56  o  75%  for  gasoline  in  Ottawa  Sand).  It  improves 
precision  and  reduces  interferences  form  heavier  petroleum 
components. 

6.8  Gas  Chromatograph  Aixitysis; 

6.8.1  Samples  are  analyzed  by  GC/FID.  5  mLs  of  water  from  the  14  mL 
autosampler  vials  is  >ntroduced  into  the  programmed  gas 
chromatograph  (section  6.2)  using  purge-and-trap  sdmple 
concentration. 

6.8.2  If  a  new  run  is  being  started,  verify  the  calibration  curve  by  arKilysis  of  the 
initial  calibration  standard. 
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6.8.3  Calculate  the  percent  difference  of  the  calibration  staixlard  respor^ 
factor  from  the  midpoint  curve  standard  response  factor  )as  in  6.7.1).  This 
is  done  for  gasoiir^e  as  a  “group"  from  the  CCS.  Percent  difference 
shouid  be  2  25%. 

6.8.4  A  reagent  water  biank  or  method  blank  must  be  run  in  every  sequence  to 
determine  the  area  generated  from  normal  baseline  noise  under  the 
conditlorw  prevailing  within  the  12  hour  period.  Addition  of  the  ICX)  ^iL  of 
methanol  to  the  blank  is  made  when  soli/sediment  extracts  are  to  be 
analyzed.  This  area  is  generated  by  projecting  a  horizontal  baseline 
between  the  retention  times  observed  for  C6  arrd  Cio-  This  lab  control 
sample  is  integrated  over  the  GRO  area  in  the  same  manner  as  for  the 
field  samples,  and  is  reported  as  the  irrstrument  or  reagent  blank.  Do  riot 
blank  subtract.  This  information  Is  for  data  Interpretation  purposes  only. 

6.8.5  Blanks  should  also  be  run  after  samples  suspected  of  being  highly 
concentrated  to  prevent  carryover.  If  the  blank  analysis  shows 
contaminotion,  the  trap  and/or  column  must  be  baked  out,  and 
subsequent  blanks  must  be  analyzed  until  the  system  is  shown  to  be  free 
from  contaminants. 

6.8.6  Dilutions; 

6.8.6. 1  If  the  product  concentration  exceeds  the  linear  range  of  the 
method  as  defined  by  the  rar^e  of  the  calibration  curve,  the 
sample  (or  extract  or  dilution)  must  be  diluted  and  reanalyzed. 
The  response  of  the  major  peaks  should  be  kept  in  the  upper  half 
of  the  linear  range  of  the  calibration  curve. 

6.8.6.2  Inject  the  proper  aliquot  of  sample  from  the  syringe  into  the  14  mL 
viol.  Aliquots  of  less  than  1  mL  are  not  recommended  for  dilution 
of  water  samples  using  this  method.  Make  sure  aliquot  is 
introduced  well  below  the  surface  of  the  reagent  water  in  the 
volumetric  flask  to  minimize  sample  loss. 
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6.8.6.3  Alternative  Dilution  Technique:  The  dilutions  can  bo  rtKide 
directly  In  the  gloss  syringe  to  avoid  loss  of  volatiles.  If  dilutirtg 
methanol  extracts,  fbliow  6.2.2  usir^  a  smaller  volume  of  extract  in 
the  5  mL  purge  volume  or  the  procedure  outlined  for  the  dilution  of 
water  samples. 

6.9  Moisture  Determination  for  Solids 

6.9.1  Moisture  determinations  should  accompany  all  soils  data  (reported  in 
mg/dry  Kg)  so  the  client  can  determine  the  results  in  the  original  soil 
condition.  Reporting  In  mg/dry  Kg  can  be  done  only  If  an  unpreserved 
portion  of  the  sample  has  been  provided. 

6.9.2  In  order  to  determine  percent  rry^isture,  p>re-weigh  an  aluminum  weighing 
boot.  Weigh  5  - 10  g  of  the  sample  into  the  boat  otkI  record  both  weights 
to  the  necxest  0.01  g.  Dry  the  sample  overnight  in  an  oven  at  105°C. 

6.9.3  Remove  the  sample  from  the  oven  and  cool  in  a  desiccator  until  the 
sample  reaches  room  temperature,  and  weigh  to  the  nearest  0.01  g. 
Record  the  weight. 

6.10  Calculotiorts: 

6.10.1  External  Standard  Calibration: 

The  concentration  of  Gasoline  Range  Organics  in  the  sample  is 
determined  by  calculating  the  absolute  weight  of  arxilyte  purged  from  a 
summation  of  peak  response  for  all  chromatographic  peaks,  resolved 
and  unresolved,  eluting  between  C6  and  Cl 0-  Refer  to  section  6.7.3.  The 
concentration  of  Gasoline  Range  Organics  is  calculated  os  follows: 

Soil  Sample  Cone,  mg/kg  «  As/Ag  x  2.5  x  100*/PS 
Water  Sample  Cone.  fig/L«  As/Ag  x  2.5 
where:  2.5  «  concentration  standard  (ng/mL) 

Ag  »  Group  area  of  gasoline  calibration  standard  (minus 
Bromobenzer»e  surrogate  area) 

/Vs«  Group  cvea  of  sample  (minus  Bromoberuene 
sunogoteorea) 

Ps  »  Percent  soBds  (os  fraction  of  1 .00) 
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Note»  *  Indicates  that  100  Is  the  correction  fcictor  for  solis. 

It  corrects  for  the  discrepancy  between  the 
amount  purged  for  soil  samples  versus  the 
storvdords.  (0.05  g  vs.  5  mL). 

6.10.2  Moisture  DetermIrKition  (%) 

Moisture  (%)  «  (A-C)/(A-B)  X  100 
Where: 

A  «  weight  of  aluminum  boat  -t-  wet  sample 
B  3  weight  of  boot 

C  3  weight  of  boat  4-  dry  sample 

7j0  Review 

7.1  The  analyst  will  review  project  documentation  to  determine  if  there  are  any 
special  requirements  for  sample  handling  or  analysis. 

12  Data  are  reported  and  reviewed  os  detailed  in  the  "Data  Reporting  and  Review* 
SOPs. 

SdO  QuoMyConliol 

8.1  The  laboratory  must,  on  an  ongoing  basis,  demonstrate  through  the  analysis  of 
quality  control  check  standards  that  the  operation  of  the  measurement  system  is 
in  control.  This  should  include  the  analysis  of  QC  check  samples,  plus  the 
calculation  of  overage  recovery.  arKi  the  standard  deviation  of  the  recovery  os 
outilr^  in  Method  8000.  Section  8.0. 

8.2  After  successful  calibration,  begin  orKilysis  with  the  method  blank  and  LCS  for  the 
sample  batch.  The  surrogate  end  spike  recoveries  for  each  blank  should  be  within 
interned  limits  (see  12.3). 

8.3  After  every  batch  (no  more  than  20  sorriples).  a  Laboratory  Control  Sample  must 
be  analyzed.  The  matrix  for  this  sample  should  be  reagent  water  for  aqueous 
samples  or  methanol  for  soil  samples. 

BA  With  every  botch  of  samples  extracted,  a  method  blank  mint  be  analyzed.  The 
blank  should  have  GRO  less  than  the  detection  limit. 

8.5  If  any  of  the  criteria  In  8.2  and  8.3  eve  not  met.  the  problem  must  be  corrected 
before  samples  are  ortolyzed. 
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8.6  Calculate  the  surrogate  standard  recovery  In  each  sample.  If  recoveries  are 

outside  established  limits,  verify  calculations,  dilutions,  arKi  starKksrd  solutions. 

Verify  Instrument  performance. 

8.6.1  High  recoveries  may  be  due  to  a  coeluting  matrix  interference 
examine  the  sample  chromatogram. 

8.6.2  Low  recoveries  may  be  due  to  adsorption  by  the  sample  matrix  O  e.  high 
humus  soils). 

8.6.3  Low  recoveries  may  also  be  due  to  a  poor  purge  (clogged  purge  tube  or 
frit).  If  this  Is  suspected,  check  the  purge  tube  with  a  blank  before 
reanalyzir>g  the  sample. 

8.6.4  If  the  surrogate  recovery  is  outside  established  limits  due  to  suspected 
matrix  effects,  GRO  results  must  be  flagged  to  note  this  fact. 

9j0  CorrecHve  Aeflont 

9.1  Contirxing  Colbratton 

9.1 .1  All  continuing  calibration  stortdords  must  meet  25  %D  limits.  If  a  standard 
does  not  meet  QC  limits,  all  samples  run  after  the  standard  that  lost  met 
QC  limits  must  be  rerun. 

9.1.2  If  corrective  maintenance  can  be  performed  to  bring  the  offending 
starxJard  back  within  Kmlts,  the  run  may  be  continued  at  that  point. 

9.1.3  If  the  out  of  control  event  cannot  be  reconciled,  a  new  Initial  calibration 
sequence  must  be  run. 

9.2  Recovery  limits 

9.2.1  All  surrogates.  LCS  extracts,  and  matrix  spikes  must  meet  Quality 
Assurance  Project  Plan  (QAPP)  recovery  limits  or  be  reextracted  and/or 
rerun. 

9.2.2  Before  reorKrtysis,  the  analyst  should  otterrpt  to  determine  the  cause  of 
the  problem  and  correct  it. 

9.2.3  Because  the  Internal  QC  limits  hove  been  determkied  for  soil  end  water 
rTKitrlces  only,  they  may  not  apply  to  other  matrices  such  os  oily  soils, 
sludges,  etc. 

9.3  See  Method  8000  for  further  corrective  action  procedures. 
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1(X0  Misc«lian«out  NoIm  and  Pr«  jnt 

10.1  Safety  Issues:  The  toxicity  or  carcirK>genicity  of  each  reagent  used  in  this 
method  has  not  been  precisely  defined.  However,  each  chemical  comp)ourKj 
should  be  treated  os  a  potential  health  hazard.  Exposure  to  these  chemicals  must 
be  reduced  to  the  lowest  possible  level  by  whatever  means  available.  The 
laboratory  maintains  a  current  awareness  file  of  OSHA  regulations  regarding  the 
safe  handling  of  the  chemicals  specified  in  this  method.  A  reference  file  of 
material  safety  data  sheets  is  available  to  all  personnel  involved  in  chemical 
analyses.  Additional  references  to  laboratory  safety  are  available  and  identified 
for  the  information  of  the  analyst. 

10.2  Interferences 

10.2.1  High  levels  of  heavier  petroleum  products  such  as  diesel  or  heating  fuel 
may  contain  some  volatile  components,  which  will  produce  a  response 
within  the  retention  time  rartge  for  GRO.  Other  organic  compounds, 
including  chlorinated  solvents,  ketones,  and  ethers  ore  also  detectable 
by  this  method.  As  defined  in  the  method,  the  GRO  results  include  these 
compounds. 

10.2.2  Samples  can  become  contaminated  by  diffusion  of  volatile  organic 
through  the  sample  container  septum  during  shipment  and  storage.  A 
trip  blank  prepared  from  organic-free  water  or  methanol  (for  soils)  and 
carried  through  sampling  arxj  subsequent  storage  and  handling  can 
serve  os  a  check  on  such  contamination. 

10.2.3  Glassware  prepared  in  advance  to  accept  soil  samples  (methanol- 
containing  VOA  vials)  may  lose  its  seal  from  changes  in  ambient 
temperature  which  result  in  changes  in  vapor  pressure  within  the  vials.  In 
order  to  prevent  loss  or  contamirKitlon  of  methanol  solvent,  sampling 
containers  must  be  kept  at  4’C  from  the  time  they  are  prepared  through 
the  time  that  analysis  of  the  collected  sarrple  is  completed. 

10.2.4  Contamination  by  carryover  can  occur  whenever  high-level  and  low- 
level  samples  are  sequentially  analyzed.  To  reduce  carryover,  the 
sample  syringe  arxj/or  purgirtg  device  must  be  rinsed  between  samples 
with  reagent  water  or  metharK>l.  Whenever  an  unusually  concentrated 
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sample  is  encountered,  it  should  be  followed  by  arxilysis  of  a  solvent 
blank  or  reagent  water  to  check  for  cross  contamiixitlon.  For  volatile 
samples  containing  high  concentrations  of  water-soluble  materials, 
suspended  solids,  high  boiling  compounds,  or  organohalides,  it  may  be 
necessary  between  analyses  to  wash  the  syringe  or  purging  device  with 
a  detergent  solution,  then  rirw  with  distilled  water  arxj  methanol,  arxj  dry 
in  a  1 06*C  oven.  The  trap  arxl  other  ports  of  the  system  are  also  supiect  to 
contamination.  Therefore,  frequent  bake-out  and  purge  of  the  entire 
system  may  be  required.  A  screening  of  all  samples  prior  to  aixsiysls  is 
recommerxled  to  protect  analytical  Instrumentation  (section  6.5). 

11D  Method  Reference* 

n  .1  Alaska  Department  of  Environmental  Cor»servatloa  "Method  for  the  Determirxjtlon 
of  Gasolirie  Range  OrgonlcS",  AKIOI,  Draft,  1  July  1992. 

120  Appendices 

12.1  Recommended  purge  and  trap  operating  parameters 

12.2  Acceptance  criteria  for  quality  control 
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12.1  Recommended  puge  and  trap  operotfrtg  porometeis  (For  GRO) 


Parameter 

Setting 

Purge  Gas 

Helium 

Purge  Gas  Flow  Rote  (mL/min.) 

36-40 

Pur^  Time  (min.) 

11  min. 

Purge  TemF>erature  CC) 

Ambient 

Desorb  Temperature  CC) 

180 

Bockflush  Ir^  Gas  Flow  (mL/mln.) 

20-60 

Desorb  Time 

4 

Trap  Boke-outtime 

7  min. 

Bake  Temperature  CC) 

180 
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122  Acceptorx^e  Critefta  for  Quaity  Control 


Analvte 

SoHce  Concentration 

Wdlsinng/L 

Solmg/Ko 

Lab  Control  Samples 

Gasoline  Rartge 

Organics 

26 

250 

IgbofotofY  ControLSomotea 

Trifluorotoluene  and 
Bromofluorobenzene 

0.05/0.025 

5.0/2.5 

Reid  Sample  Surrogate  Recovery 

Trifluorotoluene  otkI 
Bromofluorobenzene 

0.05/0.025 

5.0/2.6 

ContInuInqCQibfatlon 

See  3.13 

25 

125 

Analvte 

Lobofotorv  Control  Samples 

GasoNne  RorHje  Organics 

Labofotonr  Control  Somptes 

Trifluorotoluene 

Bromofluorobenzene 


Water  ma/L 

89^111 

79^110 

70>117 


Control  Limits 

SoH/Sedlment  (mg/Kg: 


79-112 


80-112 

73-117 


Matrix  Solke/Matrlx  Solke  Dud. 

GasoHne  Range  Organics  60-120  60-120 

Field  Somote  Surrogote  RecoYWY 

Trifluorotoluene  76-111  S0-1S0 

Bromofluorobenzene  71-121  SO-150 
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STANDARD  OPERATING  PROCEDURE 
TOTAL  ORGANIC  CARRON 

METHOD:  UV  PERSULFATE  OXIDATION.  DIRECT  COMBUSTION  (AQUEOUS) 
DIRECT  COMBUSTION  (SOUDS) 

RANGE:  TOppb  -  30j000 ppm NPOC 
HOLDING  TIME:  Aqueous:  28  days 

Soils:  28  days 

PRESERVATIVE:  pH<2  wllh  H2SO4  TEMP04C 


1.0.  Scope  and  AppRcoHon 

1 .  T .  General  Information.  The  total  carbon  (TC)  cor^tent  of  either  aqueous  solutions  or 
solids  may  be  divided  irtto  Irxxganic  and  organic  forms.  Inorganic  carbon  (1C)  consists 
predomifKintly  of  bicarbonate  and  corborKJte  or  mineral  complexes  thereof.  Totd 
organic  carbon  (TOC)  includes  all  reduced,  covalently  bonded  carbon  atoms  in 
organic  molecules.  DeperKJent  upon  sample  matrix,  these  can  be  op>erationaily 
defined:  Aqueous  samples  include  a  separation  into  dissolved  (DOC)  and  norv 
dissolved  (particulate  or  NDOC)  fractions  based  upon  a  0.45^m  fRtrotion.  These  fractions 
con  be  further  separated  into  purgeable  (POC)  and  norvpurgeable  (NPOC)  fractions 
based  upon  their  behavior  under  acidic  corKiitiortt  and  the  general  vdotflity  of  many 
organic  compounds.  Solid  phase  samples  contain  both  volatile  and  non-voiotile 
species. 

In  the  arKrtysb  of  organic  carbon,  reduced  carbon  compounds  ae  oxidized  to  carbon 
dioxide  (CO2)  using  either  wet  oxidation  or  direct  combustion  technique.  Specific 
reference  methods  for  the  analysis  of  organic  carbon  in  either  aqueous  or  solid  phase 
samples  ae  ail  bosicaliy  the  same  (see  Section  T 1).  Each  method  addresses  issues 
related  to  the  removal  or  measurement  of  Inorganic  carbon  (IC)  and  sample 
pretreatment  prtor  to  the  actual  arxslysis  of  the  organic  carbon  fraction.  Measurement 
of  evolved  agonic  carbon  as  carbon  diO)dde  a  methane  is  dependent  upon  the 
capablities  of  the  analytical  instrumentation  and  aU  re^enced  methods  defer  to  the 
specific  manufacturers  instructior^s  fa  detated  operating  procedures  and  protocol. 

We  use  two  different  agonic  carbon  orKiiyzers.  a  Dohrmann  DC-T80  fa  low  level 
aqueous  samples  and  a  Dohrmann  DC-T90  fa  Ngh  level  aqueous  samples  (see 
ApperKflx  fa  simplified  flow  diagrams).  The  DC-T80  employs  Internal  sparging  of  IC  with 
UV-persulfate  v^t  oxidation  fa  the  conversion  of  remaining  agonic  carbon  to  C02-  As 
presently  configured,  the  instrument  is  not  capable  of  a  sepaate  arxsiysis  for  POC.  Ttre 
DC-T90  uses  octerrxil  sparging  of  IC  and  direct  catalytic  combustion  for  the  conversion 
of  organic  carbon  to  CO2.  The  DC-T90  is  configured  for  a  separate  orKrtysis  for  POC.  Both 
analyzers  use  norvdispersive  infrared  detection  (NDIR)  fa  the  orKslysis  of  CO2  evolved 
as  a  result  of  the  oxidation  process.  The  oxsiyticai  rrKxJes  fa  both  instruments  relative 
to  the  form  of  carbon  measued  is  operetta  selectable  (TC.  IC.  POC.  fRPOC.  TOC).  The 
service  request  fa  analytical  senrices  should  specify  the  desired  form  of  carbon. 
Unless  othemrise  specified,  our  standard  ortcriytical  mode  fa  aqueous  samples  is  fa 
rKXV-purgeoble  orgar^  carbon  (NPOC)  in  vriiich  irKxganIc  carbon  is  sparged  from  the 
sample  prfor  to  oxidation.  There  will  be  on  unavoidable  loss  of  pHirgeable  agonies 
(POC)  during  the  sparging  operation. 
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Both  Instrumonts  are  equipped  with  external  boot  samplers  for  the  orKiiysis  of  solid 
phase  sarrples  by  cotal^d  combustion  in  a  resistorK^e  furnace,  the  DC-190  hovino  a 
higher  operating  range.  Soiid  phase  samples  are  processed  irtdeperKlentty  for  the 
removal  of  IrKxgonic  carbon  and  the  result!^  analysis  is  for  NPOC  (purgec^  organics 
beiTH)  iost  during  the  pretreatment). 

1.2.  interfererK:es. 

1.2.1.  inorgor^  carbon,  inorganic  carbon  consists  predomirKyttly  of  bicarboiKite  otkI 
carboTKSte  which  wiii  evolve  os  CO2  during  the  anaiysis  artd  hence  constitute  a 
positive  interference  uniess  corrected  for  or  removed  by  purging  with  dilute  acid, 
inorganic  carbon  must  aiwoys  be  accounted  for  in  either  aqueous  or  soiid  ii^KSse 
sampies. 

1 .2.2.  Chloride.  For  aqueous  soiutions.  chloride  concentration  in  excess  of  0. 1%  (1 XXX) 
ppm)  wil  interfere  with  the  oxidation  rote  of  organic  material  uslrtg  the  UV-persuifote 
procedure  and  result  in  low  recoveries  otkI  poor  response  time  (a  rx^ticeabie  taWng 
of  the  CQ2  peak  duing  the  analysis).  TNs  effect  con  be  reduced  by  compiexotion 
of  chloride  with  mercuric  salts.  Mercuric  salt  solution  (described  below)  should  be 
used  for  aN  marine  samples  and  those  samples  suspected  to  have  a  high  chloride 
concentration. 


2.0.  DeRnMora 

2.1.  TC  (Total  Carbon).  The  sum  of  both  irK>rganic  and  organic  carbon  present  in  a 
sample.  It  Is  equivalent  to  TCX)  + 1C. 

2.2.  1C  (Inorganic  Carbon).  The  sum  of  all  oxidized  forms  of  carbon  pxesent  in  a  sample 
consisting  primarily  of  carbonates.  bIcarborKstes  arxJ  carbon  dioxide  (CO3*.  HCO3*. 
CO2). 

2.3.  T(X:  (Total  Organic  Carbon).  The  sum  of  all  reduced,  covalently  bonded  carbon 
atoms  present  in  a  sample.  It  is  equivalent  to  TC  -  1C. 

2.4.  PCX  (Purgeoble  Organic  Carbon).  That  fraction  of  the  organic  carbon  in  a  sample 
wNch  is  lost  as  a  result  of  the  gas  strippkig  for  removal  of  irKxganic  carbon. 

2.5.  NPOC  (Non  Purgeobie  Organic  Carbon).  That  fraction  of  the  organic  carbon 
content  which  remairu  In  a  sample  following  gas  stripping  for  removal  of  the  inorganic 
fraction.  ItlsequIvaierTttoTOC-POC. 

2.6.  IDL  (Instrument  Detection  Limit).  This  is  the  minimum  concentration  of  substance  that 
can  be  detected  as  being  significantty  different  from  the  background  noise  (Blank)  level 
for  a  given  instrument  configuration.  The  value  is  set  at  approximately  3  standard 
deviations  of  the  mean  blank  corrcentrotlon  for  repBcate  onol^s  of  the  blank. 
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2.7.  LDL  0.0)^  Detection  Limit).  This  is  the  constituent  concentrortion  mctt  wl  produce  a 
respor^se  which  is  3.290  standard  deviations  above  the  mean  blank  response.  It  is 
determined  by  repicate  analyses  of  a  krK>wn  statKiard  corK^entration  at  a  level  near 
the  IDL  (usuoly  <  5X  the  lOL). 


3.0.  Supples  and  Equipment 

3.1.  Generd  supples  oryj  (^osswore 
Carbon  orxilyzeis.  Dohrmonn  OC-180.  DC*190 
plating  combustion  boats 

Analyncoi  bakmce 
Mortar  orxj  pestle 
Microsieves  (100  - 140  mesh) 

30  mL  glass  scintilotion  viols 
pipettes  and  microttter  syrir>ges 
Vacuum  desiccators 

oxygen  gas  cylrKter,  regulator,  flow  monifoid 

3.2.  Reagents 

3.2.1.  PHOSPHORIC  ACID  (20%) 

3.2.1. 1.  PHOSPHORIC  ACID  (10%).  Dikitethe  20%  solution  1:1.  Use  this  acid  for  removal 
of  Inorganic  carbon  from  solid  phase  samples  (Lloyd  Kahn  technique) 

3.22.  NITRIC  ACID  (20%). 

3.2.3.  HYDROCHLORIC  ACID  (10%). 

3.2.4.  POTASSIUM  PERSULFATE  (2%).  Dissolve  40  grams  potassium  persulfate  (K2S2O6) 
in  1  Iter  organic  free  water  (finished  DO.  Transfer  to  premarked,  amber  persulfate 
storage  bottle,  add  4  mL  corx:entrated  phosphoric  acid,  mix  arrd  dilute  to  2  liters. 
The  solution  should  hove  a  pH  of  approximately  3.  Replace  monthly. 

3.2.5.  MERCURIC  SALT  REAGENT.  Dissol>^  5  grams  mercuric  chloride  (HgCl2)  and  5.9 
grams  mercuric  nitrate  morK)hydrate  (Hg(N03)2  •  H2O)  In  50  mL  organic  free  water 
contair^  in  a  100  mL  volumetric  flask.  Add  3  mL  concentrated  nitric  acid  (HNO3) 
arKi  mix  iMitU  s<^  have  dissolved.  Dilute  to  100  mL  THIS  REAGENT  IS  USED  TO 
COUNTER  THE  EFFECTS  OF  HIGH  CHLORIDE  CONCENTRATIONS  (MARINE  SAMPLES)  AND 
SHOULD  BE  ADDED  TO  SUCH  SAMPLES  AT  A  RATE  OF  0.25  mL  PER  50  mL  OF  SAMPLE. 

3.2.6.  PERSULFATE-MERCURIC  SALT  SOLUTION.  Dissolve  6.2  grams  mercuric  chloride 
(HgCl2)  oixj  9.6  grams  mercuric  nitrate  monohydrate  (Hg(N03)2  •  H2O)  in  400  mL 
organic  free  water  contained  in  a  1000  mL  volumetric  flask.  Add  5  mL  concentrated 
nitric  acid  (HNO3)  and  mix  until  salts  hove  dissolved.  .Add  20  grams  potassium 
persulfate  (K2S2O6) .  mix  to  dissolve  otkI  then  bring  to  volume.  THIS  REAGB^  IS  USED 
TO  COUNTER  THE  EFFECTS  OF  HIGH  CHLORIDE  CONCENTRATIONS  (MARINE  SAMPLES) 
AND  SHOULD  BE  ADDED  TO  THE  UV  REACTOR  IN  PLACE  OF  THE  USUAL  POTASSIUM 
PERSULFATE  REAGENT. 
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3.2.7.  ORGANIC  CARBON  STANDARD  Potassium  Hydrogen  Phthcjicjte.  (C8H5O4K) 

3.2.7. 1.  Stock  KHP  Standard  (2QQQ  oom  CQftx>nV  Dissolve  0.425  grams  dried  KHP 
(dried  at  1 20  C  arxl  stored  in  desiccator)  in  SO  mL  organic  free  water  contoir^ed  in  a 
1(X)  mL  volumetric  flask.  Add  0.1  mL  85%  p>hosphoric  acid  arxj  mix  to  dissolve. 
Dilute  to  volume  with  organic  free  water  (vkI  store  in  an  amber  gloss  bottle  urKier 
refrigeration.  Prepare  fresh  stock  monthly. 

3.2. 7.2.  Calbrotlon  Stondord  (5  oom  carbon).  Add  0.5  mL  of  the  2000  ppm  stock  to  150 
mL  organic  free  water  contair^ed  in  a  200  mL  volumetric  flask.  Mix  and  dHute  to 
volume.  Prepare  fresh  with  each  use.  (Follow  the  calibration  instruction  on  page 
A2  of  the  Dohrmann  manual  to  comp>efttate  for  the  system  blank) 


4.0.  Documentation 

N/A 


5.0.  In-house  ModMcoHons  from  Referenced  Method 

See  comment  above  regarding  specified  methods  ar>d  instrumentation 

6.0.  Procedure 

6.1.  Aqueous  Samples 

6.1.1.  Calibration  must  be  done  daily  and  when  completed  must  be  Immediately 
followed  by  a  minimum  of  3  blanks  and  3  verification  standards  (5ppm).  Compute  3X 
the  starKlard  deviation  of  the  blanks  and  the  check  standards  to  establish  the  daily 
IDL  and  LDL  respectively.  The  mean  blank  value  must  be  <  MDL  and  the  check 
standard  recovery  must  be  within  ±  10%.  if  these  criteria  ore  not  satisfied,  you  must 
recalibrate.  Follow  the  Dohrmann  manuals  for  calibrating  either  instrument 

6. 1 .2.  Review  the  analytical  service  request  to  determine  the  form  of  organic  carbon 
recpjired.  For  relatively  clean,  low  level  scxnples  use  the  Dohrmann  DC- 180.  For  high 
level  samples  aryj  those  containing  signiflcc^t  particulate  materials,  use  the  DC- 190. 
Following  the  Dohrmann  manuals,  program  the  instruments  to  run  the  required 
carbon  fractions.  Obtain  a  blank  copy  of  the  TOC,  Aqueous  Data  Analysis  sheet. 
Record  gil  processing  information  on  this  sheet  os  you  run  each  sample  or  prepare 
the  autosampler  vials.  The  sheet  must  correspond  exactly  to  the  output  from  the 
Dohrmann, 

6.1.3.  Dependent  upon  how  you  have  programmed  the  instrument,  scsnples  may  be 
processed  by  either  manual  injection  or  by  autosampler.  All  samples  must  be 
thoroughly  mixed,  homogenizing  in  a  bler>der  if  necessary,  prior  to  withdrawing  the 
aliquot  for  artalysis.  For  analysis  by  autosampler,  mix  the  samples  arxj  transfer  50  mL 
to  the  sampling  tubes.  Place  in  the  autosampler  tray  (keeping  track  of  the 
sequence  numbers)  and  cover  each  tube  with  aluminum  foil.  When  all  blanks, 
standards  and  samples  have  been  placed  in  the  tray.  Press  (RUN)  and  the 
autosampler  will  start. 
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6. 1 .4.  Special  prep  for  high  chloride  marine  samples  (DC-180  onlyll) 

6. 1.4.1.  Add  10  drops  mercuric  salt  reagent  to  each  50  mL  sample  tube  and  cap  with 
plastic  film  and  aluminum  foil,  mix  gently. 

6. 1.4.2.  The  regular  potassium  persulfate  oxkizing  solution  must  be  replaced  with  the 
persulfate-mercuric  salt  solution  and  the  20%  phosphoric  acid  solution  must  be 
replaced  with  20%  nitric  acid. 

6. 1.4.3.  Collect  and  prooerlv  dispose  of  the  mercunr  wastesi 

6. 1 .5.  Select  at  least  one  sample  from  each  job  number  for  duplicate  and  matrix  space 
analysis.  Matrix  spikes  ore  conducted  by  adding  5(^1  of  the  2.000  mg/L  KHP 
standard  to  5  mL  of  sample.  This  yields  a  spike  level  of  20  mg/L 

6.2.  Solid  Samples  (soils  and  sediments) 

6.2.1.  TOC  in  solid  samples  is  determined  by  direct  combustion  in  a  medium 
temperature  (850C)  resistance  furnace  in  an  oxygen  atmosphere.  Each  TOC 
analyzer  is  equipped  with  a  Oohrmann  DC- 183  Bcxst  Sampler  module  for  solids 
anolysis.  Combustkxr  products  are  carried  in  the  oxygen  stream  through  a  ccstalytic 
converter  to  assure  complete  oxidation  to  C02.  Samples  are  purged  of  inorganic 
carbcxt  by  ocidificaticxi,  dried  at  70C  ar»d  then  ground  to  pass  a  120  mesh  sieve. 

6.2.2.  Pre  treatment  to  remove  incxganlc  carbon.  Obtain  a  blank  copy  of  the  Solids 
TOC.  Solids  Prop  Log  Sheet.  Transfer  1-5  grams  (record  exact  weight)  of  well 
homogenized  sample  to  scintillortion  vlai.  Add  4  mL  of  10%  HCI  and  obsen/e  for 
effervescence  of  C02.  If  there  is  ony  effervescence,  add  an  additicxKJi  2  mL  of  acid. 
Place  the  treated  vials  in  a  vacuum  desiccator  and  allow  effenrescence  to  stop. 
Transfer  vials  to  a  70C  oven  to  dry  for  24  hours.  Repeat  the  effenrescence  tost  and 
re-treat  any  sample  which  test  pc^ive.  Repeat  this  procedure  until  all  sample  yield 
a  negative  effenrescence  test.  Re  dry  the  samples  at  70C  and  return  to  vacuum 
desiccator  and  allow  to  cool.  Reweigh  to  determine  the  percent  solids  after  drying 
at  TOC. 

6.2.3.  After  the  TOC  dry  weight  is  determined,  grind  the  sample  to  pass  a  120  mesh  siev'e 
and  return  the  same  to  its  viol,  cap  and  store  under  vacuum  desiccation  until 
analysis. 

6.2.4.  Sample  repHccrtes  (usually  three)  should  be  run  through  the  entire  pretreatment 
process. 

6.2.5.  From  the  original  sample  jar.  take  a  separate  sample  aliquot  (approximately  10 
grams)  of  homogenized  sample  for  the  analysis  of  p>ercent  solids  after  drying  at 
104C. 
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6.2.6.  Instrument  set-up.  Follow  the  Dohrmann  manuals  for  Instructions  on 
programming  the  Instrument  for  boot  sampling.  Turn  on  the  NDIR,  combustion 
furnace,  printer  and  oxygen  supply.  Allow  a  sufficient  warm-up  period  for  the 
furnace  (should  be  a  bright  orange  glow,  not  yellow).  When  the  furnace  is  up  to 
temperature,  pre-combust  (approximately  2  minutes)  the  platinum  combustion 
boots  to  remove  any  re^duol  organics.  Remove  the  boat  and  cool  to  RT.  Obtain  a 
blank  copy  of  the  TOC  Solids  Data  Analysis  sheet.  Enter  aH  processing  data  on  this 
sheet  os  you  run  each  sample.  This  sheet  must  corresportd  exactly  to  the  output 
from  the  Dohrmann. 

6.2.7.  >^When  cooled,  transfer  the  empty  boot  to  the  arjolytlcol  balarjce  arid  zero  to 
remove  the  tare  weight.  Trar^fer  0.2  -  0.8  mg  of  sample  to  the  boat  and  reweigh. 
Record  the  exact  sample  weight  on  the  TOC  Run  Log  Benchsheet. 

6.2.8.  Add  cupric  oxide  accelerator  to  the  sample  arxj  place  the  boot  in  the  push  rod 
assembly  of  the  combustion  train.  Follow  the  orvscreen  directions  ar>d  slide  the 
boot  into  the  furnace  when  instructed. 

6.2.9.  Matrix  spike  analysis  is  conducted  on  post-prep  samples  by  oddirtg  ICHrl-  of  the 
2JOCO  p)pm  KHP  (0.02  mg  C)  standard  to  a  krvDwn  weight  of  sample  (0.2  -  0.8  mg).  This 
yields  a  spike  of  25,000  to  lOOXXDO  ppm,  deperxtent  upon  sample  weight  used. 

6.3.  DATA  REDUCTION 

Output  from  the  instruments  will  provide  ppm  C  (mg/I  or  mg/kg.  aqueous  and  solid 
samples  respectively)  uncorrected  for  the  blonk  determination.  These  data  must  be 
further  reduced  on  the  Macintosh.  Benchsheets  for  both  aqueous  and  solid  phase 
samples  are  the  same  as  those  you  have  previously  filled  out  for  the  sample  wn. 

The  bertchsheets  are  setup  to  calculate  the  mean  blank  determination  for  the  days  run 
and  to  correct  the  samples  for  this  mean  blank  (by  subtraction).  Additionally,  the 
benchsheets  will  aNow  for  the  calculation  both  the  Instrument  Detection  Limit  (IDU  and 
the  Lower  Detection  Umit  (LDL).  The  IDL  is  based  upon  replicate  determinations  of  the 
blank  and  is  calculated  as  three  times  the  stcndard  deviation  of  those  determinations. 
The  LDL  is  based  upon  repHcote  determinotiorts  of  either  a  5  ppm  check  standard 
(aqueous)  or  2XXX}  ppm  check  starKlord  (solids)  and  is  calculated  as  3.29  times  the 
standard  deviation  for  those  replicates.  These  values  are  used  to  track  overall 
Instrument  performance  and  to  update  MDLs. 

An  oddlttortal  note  relative  to  TOC  in  solids.  The  values  generated  from  the  analyzer  will 
be  ppm  C  for  a  sample  which  has  been  purged  of  kxxganic  carbon  and  dried  at  70C  (to 
prevent  volatilization  of  lower  molecuiar  weight  organics).  TOC  values  are  normally 
reported  on  the  basis  of  dry  weight  at  104C.  A  separate  aliquot  of  sample  for  the 
determination  of  dry  weight  at  KMC  should  have  been  taken.  The  TOC  value  from  the 
Dohrmann  will  hove  to  be  corrected  for  this  dry  weight  or  reported  on  the  basis  of  dry 
weight  at  70C.  Most  reporting  is  done  on  the  basis  of  dry  weight  at  104  C.  This  calculation 
is  done  by  the  dato  section  during  preparation  of  the  finol  report. 
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7.0.  Rvvtow 

7.1.  The  supervisor  reviews  Service  Request.  er)ters  Information  into  tt^  Conventkxxjls 
database  and  assigns  samples  to  the  analyst. 

7.2.  The  arKSlyst  verifies  Service  Request,  reviews  the  SOP  and  proceeds  with  the 
analysis. 

7.3.  The  final  computer  generated  result  is  placed  into  the  method  folder  In 
chrorx>logicai  sequer^ce  and  a  copy  is  p>laced  into  the  Job  folder. 

7.4.  The  supervisor  reviews  the  job  folder  for  completeness  of  analysis  (all  requested 
parameters  have  been  ajn)  and  sufficiency  of  Quality  Control. 

7.5.  Completed  analysis  is  given  to  the  Data  Section  for  firx3l  report  preparation. 

7.6.  The  firxsi  report  is  reviewed  for  accuracy  and  completeness  and  then  signed  by 
the  Division  MarKiger  or  other  authorized  person. 


6.0.  QClMte 

8.1 .  Initial  Calibration  Verification  (ICV)  and  Calibration  Blank  (ICB)  must  be  run  at  the 
beginning  of  each  botch.  Continuing  Calibration  Verification  standards  otkI  blanks 
(CCV.  CCB)  must  be  run  after  every  ten  orKiiytical  samples  in  the  botch  arxi  at  the 
end  of  each  run.  The  calibration  verification  starKlords  must  ogree  within  ±10%  of 
the  true*  value  and  the  concentration  of  the  blanks  should  be  less  than  the 
detection  limit. 

8.2.  Matrix  spike  and  duplicate  analyses  are  run  with  each  job  number  or  once  for 
every  20  samples  in  a  job. 

8.2.1.  Duplicate  analysis.  If  both  the  original  and  duplicate  sample  concentrations 
are  greater  than  5X  the  detection  Hmtt.  the  calculated  RPD  should  be  less  than 
20%.  If  either  corK:entration  is  less  than  5X  the  detection  Iknit,  then  the  absolute 
difference  between  the  two  should  be  less  than  or  equal  to  the  detection  limit.  If 
these  criteria  are  rx>t  satisfied,  corrective  actions  must  be  taken. 

8.2.2.  Matrix  Spikes.  The  acceptance  limits  for  matrix  spike  recoveries  are  ±25%  if 
the  original  concentration  is  less  than  4X  the  spike  concentration  added.  If  the 
origirxsl  corx:entration  is  greater  than  4X  the  added  spike  level,  the  spike  is  invaid 
and  must  be  repeated. 

9.0.  Coneellve  AcHont 

9. 1 .  If  Initial  CaHbrotion  Verification  (ICV)  and  Inltioi  Calibration  Blank  (ICB)  ore  out  of  QC 
limits,  new  calibration  standards  or  new  ICV  solution  should  be  made  and  the 
instrument  re  calibrated.  If  the  Continuing  Calibration  Verification  (CCV)  and 
Contmdng  Coltoratlon  Blank  (CCB)  ore  out  of  QC  limits,  all  samples  between  the  lost  in 
control  condition  and  the  out  of  control  corxjition  must  be  re-run.  M  samples  In  anv 
botch  run  must  be  bracketed  bv  In  control  verification  standards. 
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9.2.  After  the  above  corrective  octiorts.  if  the  results  are  still  outside  the  Nmits.  the 
supervisor  will  review  the  entire  procedure  with  the  analyst  to  verify  that  correct 
procedures  are  being  followed  or  check  the  instrument  to  make  sure  it  is  workir>g 
properiy. 

9.3.  if  RPD  or  matrix  spike  recoveries  are  outside  the  prescribed  limits,  the  arxiiysis  wVI 
be  repeated  to  confirm  the  outlying  condition.  The  sample  analysis  wNi  be  flagged 
and  reported  in  the  finai  report  to  the  clertt. 

9.4.  Itpny  of  the  following  situations  arises,  the  supervisor  wili  be  immediately  notified 
OTKl  the  project  manager  be  informed  for  resolution  with  the  client; 

Samples  have  exceeded  holdirtg  times. 

Samples  hove  been  knproperly  preserved. 

There  is  insufficient  sample  to  run  the  analysis. 


10.0.  Mtcelaneous  Notes  and  Precautions 

1 0. 1 .  Hazardous  Wastes  Streams. 


11.0.  Method  Reference 

Methods  for  Chemical  Analysis  of  Water  arxj  Wastes.  EPA-COO/4'79-020  (Rev  Mar  83). 
Method  415. 1 .  This  Is  a  generic  document  which  defines  the  basic  procedures  and 
precautions  for  the  analysis  of  TOC  In  aqueous  samples  using  either  catalytic 
combustion  or  wet  oxidation  with  NDIR  (CO2)  or  GC-RO  (CH4}  detection.  SpecVic 
attention  Is  given  to  procedures  for  addresdrtg  inorganic  carbon  relative  to  the 
capabilities  of  the  instrument  being  used.  The  form  of  carbon  being  measured 
should  be  stated.  This  method  defers  to  instrument  manufacturers  Irtstructions  for 
detailed  operating  protocol. 

Standard  Methods  for  the  Examirxition  of  Water  and  Wastewater.  1992.  18th  ED. 
Method  5310  B.  Combustiorvinfrared;  Method  5310  C.  Persuifate-UV  Oxidation. 
These  are  generic  methock  which  define  the  brxic  procedures  and  precautions  for 
the  analyst  of  TOC  In  aqueous  samples  using  either  catalytic  corrOxjstlon  or  UV- 
persulfate  oxidation  with  NDIR  (CO2)  or  GC-RD  (CH4)  detection.  Spectllc  attention  Is 
given  to  procedures  for  addresshg  IrHxganIc  carbon  relative  to  the  ccspabttties  of 
the  instrument  b^ng  used.  The  preferred  method  Is  to  measure  TC  and  1C  and  then 
calculate  TOC  by  difference.  Otherwise,  the  armlysls  Is  for  NPOC.  The  methods 
de^r  to  hstrumerrt  manufactuims  hstnjctlons  for  detated  operating  protocol. 
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Methods  of  Soli  Analysis.  American  Society  of  Agronomy.  Chapter  29-3.  Orgor^lc 
Carbon.  This  a  detailed  description  which  defines  the  basic  procedures  and 
precautions  for  the  artalysis  of  TOC  In  soils  arid  other  soHd  phase  samples.  Particular 
emphasis  Is  given  to  sample  pre-treatment  for  the  removal  of  Inorganic  carbon  (5% 
sulfurous  acid).  Wet  oxidation  and  dry  combustion  (>900C  for  total  carbon) 
procedures  are  described.  The  methods  for  the  final  analysis  of  orgcmk:  carbon 
are  varied  (NDIR.  GC-FID.  GC  Thermal  conductivity,  gravimetric)  and  defer  to 
specific  Instrument  manufacturers  Instructions  for  operating  protocol.  As  defined, 
the  method  will  provide  an  estimate  of  NPOC 

Lloyd  <^ahn.  1988.  'OetermIrKition  of  Total  Orgonlc  Carbon  in  Sediment*.  USEPA. 
Region  II.  Edison.  NJ.  This  procedure  Is  for  pyrolytic  combustion  of  sediment  samples 
which  have  had  Inorgcmic  carbon  removed  by  addition  of  1: 1  phosphoric  add  and 
heating  to  75C.  Samples  are  combusted  wet.  The  methods  for  the  final  analysb  of 
organic  carbon  are  varied  (NDIR.  GC-FID.  GC  Thermal  conductivity)  and  defer  to 
specific  Instrument  manufacturers  Instructions  for  operating  protocol.  As  defined, 
the  method  vM  provide  an  estimate  of  NPOC 

Plumb.  R.H..  1981.  Procedures  for  Handling  and  Chemical  Analysis  of  Sediment  and 
Water  Samples*.  USEPA.  USACOE.  Environmental  Laboratory.  USAE.  Waterways 
Experiment  Station.  This  Is  a  generic  document  which  defines  the  basic  procedures 
and  precautions  for  the  analysis  of  TOC  In  aqueous  and  sediment  samples  using 
either  catalytic  combustion  or  wet  dddatlon  with  NDIR  (CO2)  or  GC-FID  (CH4) 
detection.  The  sediment  procedure  is  for  pyrolytic  combustion  (500  -  650  C  for 
organic.  >950C  for  Inorganic)  of  sediment  samples  which  have  had  inorganic 
carbon  removed  by  addition  of  10%  hydrochloric  acid.  Samples  are  combusted 
after  drying  at  70C.  The  methods  for  the  final  analysis  of  organic  carbon  are  varied 
(NDIR.  GC-FID.  GC  Thermal  conductivity)  and  defer  to  specific  Instrument 
manufacturers  Instructions  for  operating  protocol.  Ai  defined,  the  method  will 
provide  an  estimate  of  NPCX: 

Puget  Sound  Esturine  Protocol.  March  1986.  Total  Organic  Carbon.  This  procedure  is 
for  Induction  furnace  combustion  (950  C)  of  sediment  samples  which  have  had 
Inorganic  carbon  removed  by  addition  of  10%  hydrochloric  acid.  Samples  are 
combusted  after  drying  at  70C.  The  methods  fOr  the  final  analysis  of  organic  carbon 
are  varied  (gravimetric.  Thermal  conductivity)  and  defer  to  specific  Instrument 
manufacturers  Instructions  for  operating  protocol.  As  defined,  the  method  will 
provide  an  estimate  of  NPOC 

Test  Methods  for  Evaluating  Solid  Wastes.  EPA.  SW-846.  Volume  1C.  Method  9060A. 
Rev.  Nov.  1990.  This  document  defines  the  bade  procedures  and  precautions  for 
the  caxdysis  of  TOC  In  aqueous  sample  using  either  catalytfc  combustion  or  wet 
oxidation  with  NDIR  (CO2)  or  GC-FID  (CH4)  detection.  Specific  attention  is  given  to 
procedures  for  addressing  Inorganic  carbon  relative  to  the  capabilities  of  the 
Instrument  being  used.  The  preferred  method  Is  to  measure  TC  and  1C  and  then 
calculate  TOC  by  difference.  Otherwise,  the  analysis  Is  for  NPOC.  Giuadrupileate 
analysis  of  aqueous  samples  Is  required.  This  method  defers  to  Instrument 
manufacturers  Instructions  for  detailed  operating  protocol. 
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12A  Appudc— 

Dohrmom  OC-160  Flow  Diagram 
Oohrmonn  DC-190  Flow  Dtagram 
T(X,  Soldi  FVep  Log 
TOC,  Soldi  Data  Analysis 
TOC,  Aqueous  Data  Analysis 
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Dohrmann  DC-180  Row  Diagram 
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